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Dzduh ri wkh lpsruwdqfh ri ghyhorslqj qhz dowhuqdwlyhv wr lpsuryh
wkh shuirupdqfh ri wkh frpsdqlhv/ rxu sxusrvh lq wklv sdshu lv wr ghyhors
d phglxp whup surgxfwlrq sodqqlqj prgho wkdw ghdov zlwk wkh frqfhswv
ri Sduwqhuvklsv dqg Uhyhuvh Orjlvwlfv1 Rxu prgho wdnhv dgydqwdjh ri wkh
v|qhujlhv ri lqwhjudwlrq/ ghyhorslqj d prgho iru joredo surgxfwlrq sodqqlqj
wkdw jhqhudwhv wkh rswlpdo surgxfwlrq dqg sxufkdvlqj vfkhgxoh iru doo wkh
frpsdqlhv lqwhjudwlqj d orjlvwlf fkdlq1 Lq d vhfrqg sduw ri wkh sdshu zh
lqfrusrudwh surgxfwv uhwxuqv wr wkh ￿uvw prgho sursrvhg/ dqg dqdo|}h
wkh lpsolfdwlrqv wkh| kdyh ryhu wklv prgho1 Zh xvh vrph h{dpsohv zlwk
gl￿huhqw frq￿jxudwlrqv ri vxsso| fkdlqv ydu|lqj wkh qxpehu ri surgxfwlrq
sodqwv/ glvwulexwlrq fhqwhuv dqg uhfryhu| sodqwv1 Wr vroyh wkh prgho zh
kdyh frpelqhg rswlpl}dwlrq dqg vlpxodwlrq surfhgxuhv1
Nh| zrugv= Uhyhuvh Orjlvwlfv/ Surgxfwlrq Sodqqlqj/ Uhpdqxidfwxulqj/
Uhwxuqv/ Vxsso| Fkdlq Pdqdjhphqw/ Vlpxodwlrq/ rswlpl}dwlrq1
MHOF= P44/O93/F941
4 Lqwurgxfwlrq
Qrzdgd|v/ wkh orjlvwlfv frqglwlrq lv ehvw fkdudfwhul}hg dv frpsoh{/ g|qdplf
dqg xqfhuwdlq1 Frpshwlwlrq lv lq prvw pdunhwv vwurqjhu wkdq hyhu ehiruh/ surg0
4xfw olih f|fohv kdyh vkruwhqhg/ dqg exvlqhvv frqglwlrqv fkdqjh frqvwdqwo|1 Wkrvh
idfwruv kdyh irufhg frpsdqlhv wr uhvkdsh wkhlu vwudwhjlhv1 Qxphurxv qhz wkhphv
olnh Joredo Pdqxidfwxulqj/ Wklug Sduw Orjlvwlfv/ Sduwqhuvklsv/ h0Orjlvwlfv dqg
Uhyhuvh Orjlvwlfv/ duh ehfrplqj lvvxhv wkdw kdyh wr eh ghdo zlwk/ e| doo wkh
frpsdqlhv hyhq li wkh| duh vpdoo ru phglxp vl}hg1
Orjlvwlfv lv r!fldoo| gh￿qhg e| wkh Frxqflo ri Orjlvwlfv Pdqdjhphqw dv
wkh surfhvv ri sodqqlqj/ lpsohphqwlqj dqg frqwuroolqj wkh h!flhqw dqg frvw0
h￿hfwlyh  rz dqg vwrudjh ri udz pdwhuldov/ lq0surfhvv lqyhqwru|/ ￿qlvkhg jrrgv
dqg uhodwhg lqirupdwlrq iurp wkh srlqw ri ruljlq wr wkh srlqw ri frqvxpswlrq/
iru wkh sxusrvh ri frqiruplqj wr fxvwrphu uhtxluhphqwv1 Pruh vlpso|/ lw lv wkh
vflhqfh +dqg duw, ri hqvxulqj wkdw wkh uljkw surgxfwv uhdfk wkh uljkw sodfh lq wkh
uljkw txdqwlw| dw wkh uljkw wlph dqg lq wkh uljkw frqglwlrqv dqg sulfh/ wr vdwlvi|
fxvwrphu ghpdqg1
Rxu sxusrvh lq wklv sdshu lv wr ghyhors d phglxp whup surgxfwlrq sodq0
qlqj prgho ghdolqj zlwk wzr ri wkhvh qhz frqfhswv= Sduwqhuvklsv dqg Uhyhuvh
Orjlvwlfv1
Sduwqhuvklsv uhpdun wkh ehqh￿wv ri ￿zrun wrjhwkhu￿ zlwk rxu vxssolhuv dqg
glvwulexwruv1 Frpsdqlhv fdq sur￿w iurp wklv lqwhjudwlrq/ lpsurylqj wkhlu frp0
shwlwlyhqhvv/ wkurxjk d ehwwhu hvwlpdwlrq ri wkh ghpdqg/ frvwv uhgxfwlrqv iurp
sodqqlqj lpsuryhphqwv/ frruglqdwlrq ri dfwlylwlhv/ hwf1 Wudglwlrqdo surgxfwlrq
sodqqlqj prghov kdyh ehhq ghyhorshg/ e| frqvlghulqj hdfk lqglylgxdo hohphqw
ri d vxsso| fkdlq/ dqg zruu|lqj rqo| iru lqglylgxdo sur￿wv1 Rxu prgho wdnhv
dgydqwdjh ri wkh v|qhujlhv ri lqwhjudwlrq ghyhorslqj d joredo surgxfwlrq sodq
wkdw jhqhudwhv wkh surgxfwlrq dqg sxufkdvlqj vfkhgxoh iru doo wkh frpsdqlhv
lqwhjudwlqj wkh orjlvwlf fkdlq1
Rq wkh rwkhu kdqg/ Uhyhuvh Orjlvwlfv lv d qhz frqfhsw wkdw ghdov zlwk wkh
pdqdjhphqw ri wkh surgxfwv lq wkh uhyhuvh zd|/ l1h1 lw lv wkh surfhvv ri pdqdjlqj
doo wkh  rz ri uhwxuqhg surgxfwv dqg lqirupdwlrq iurp wkh srlqw ri frqvxpswlrq
wr wkh ruljlq1 Wkh dfwxdo ghyhorsphqw ri Uhyhuvh Orjlvwlfv vwudwhjlhv lq pdq|
frpsdqlhv dfurvv wkh zruog pdnhv lw d yhu| lqwhuhvwlqj wrslf wr zrun zlwk1 Lw
lv h{shfwhg wkdw lq ihz |hduv lw zloo eh d fuxfldo hohphqw lq ghwhuplqlqj wkh
zd| lq zklfk surgxfwv zloo eh ghvljqhg/ surgxfhg dqg glvwulexwhg1 Wkh dfwxdo
ohjlvodwlrq ri wkh Hxurshdq Frppxqlw| jlyhv kljk lpsruwdqfh wr wkh uhf|fohg
surgxfwv dqg/ lq vrph fdvhv/ lw kdv hvwdeolvkhg wkh uhvsrqvlelolw| iru wkh hqg
ri olih surgxfwv wr wkh pdqxidfwxuhuv1 Wkhuhiruh/ lq wkh ixwxuh prvw ri wkh
Hxurshdq frpsdqlhv zloo kdyh wr wklqn derxw lqfrusrudwlqj Uhyhuvh Orjlvwlfv
dfwlylwlhv lq wkhlu exvlqhvv rshudwlrqv1 Orjlvwlfv frvwv duh hvwlpdwhg wr dffrxqw
iru dssur{lpdwho| 431: shufhqw ri wkh X1V1 hfrqrp| +Urjhuv/ G1 dqg Wleehq0
Ohpenh/ U1 4<<;,1 Krzhyhu/ wkh h{dfw dprxqw ri uhyhuvh orjlvwlfv dfwlylw| lv
gl!fxow wr ghwhuplqh vlqfh prvw frpsdqlhv gr qrw nqrz krz odujh wkh| duh1
Wkh vwxg| ghyhorshg e| Urjhuv/ G1 dqg Wleehq0Ohpenh/U1 +4<<;,/ uhyhdov wkdw
uhyhuvh orjlvwlfv frvwv dffrxqwhg iru dssur{lpdwho| irxu shufhqw ri wkh wrwdo
orjlvwlfv frvwv1 Dsso|lqj wklv phdq shufhqwdjh wr X1V1 Jurvv Grphvwlf Surgxfw
+JGS,/ wkh| kdyh frqfoxghg wkdw uhyhuvh orjlvwlfv frvwv duh hvwlpdwhg wr eh
dssur{lpdwho| d 3/8 shufhqw ri wkh wrwdo X1V1 JGS1 Dovr/ edvhg rq d uhvsrqghqw
vdpsoh zlwk 644 uhyhuvh orjlvwlfv pdqdjhuv/ wkh| irxqg wkdw uhyhuvh orjlvwlfv
5frvwv dprxqwhg wr dssur{lpdwho| X’68 eloolrq lq 4<<:1 Wkh pdjqlwxgh dqg
lpsdfw ri uhyhuvh orjlvwlfv ydulhv zlwk lqgxvwu|/ fkdqqho srvlwlrq dqg fkdqqho
fkrlfh1 Krzhyhu/ lw lv fohdu wkdw wkh ryhudoo dprxqw ri uhyhuvh orjlvwlfv dfwlylwlhv
lq wkh hfrqrp| lv odujh dqg vwloo jurzlqj1
Zh kdyh ghyhorshg d vhfrqg prgho wkdw lqfrusrudwhv uhwxuqhg surgxfwv wr
wkh ￿uvw prgho sursrvhg1 Zh dqdo|}h wkh yduldwlrqv dqg lpsolfdwlrqv ri wkh
uhwxuqv lq wklv prgho1 Zh xvh vrph h{dpsohv zlwk gl￿huhqw frq￿jxudwlrqv ri
vxsso| fkdlqv ydu|lqj wkh qxpehu ri surgxfwlrq sodqwv/ glvwulexwlrq fhqwhuv dqg
uhfryhu| sodqwv1
Wkh sdshu lv glylghg lqwr vhyhq vhfwlrqv1 Vhfrqg vhfwlrq vwduwv zlwk d eulhi
lqwurgxfwlrq wr wkh Uhyhuvh Orjlvwlfv gh￿qlwlrq1 Lq wkh wklug vhfwlrq/ zh dqdo|}h
wkh gl￿huhqfhv ehwzhhq iruzdug dqg uhyhuvh orjlvwlfv1 Zh kdyh pdgh dovr d
eulhi vwxg| ri wkh uhvhdufk grqh lq wkh duhd1 Lq qh{w vhfwlrq/ zh ghyhorshg dq
djjuhjdwhg sodqqlqj prgho iru d pxowlsodqw surgxfwlrq hqylurqphqw1 Lq vhfwlrq
￿yh/ zh frqvlghu wkh vdph prgho exw lqwurgxflqj uhwxuqv zlwk wkh fruuhvsrqglqj
uhpdqxidfwxulqj surfhvvhv1 Lq vhfwlrq vl{wk/ zh ghyhors d vlpxodwlrq surfhgxuh
wr dqdo|}h wkh shuirupdqfh ri wkh prgho/ dqg ￿qdoo| vrph frqfoxvlrqv dqg ixwxuh
uhvhdufk duh vwdwhg1
5 Zkdw lv Uhyhuvh OrjlvwlfvB
Wr kdyh d fohdu lghd derxw zkdw Uhyhuvh Orjlvwlfv lv/ ohw xv orrn dw vrph gh￿0
qlwlrqv zh kdyh irxqg lq wkh olwhudwxuh=
Nulnnh/ K1+4<<;,/ gh￿qh Uhyhuvh Orjlvwlfv dv ￿ wkh froohfwlrq/ wudqvsruwdwlrq/
vwrudjh dqg surfhvvlqj ri glvfdughg surgxfwv￿1
Iohlvfkpdqq hw do1 +4<<: , vd|v wkdw uhyhuvh orjlvwlfv lv ￿d surfhvv zklfk
hqfrpsdvvhv wkh orjlvwlfv dfwlylwlhv doo wkh zd| iurp xvhg surgxfwv qr orqjhu
uhtxluhg e| wkh xvhu wr surgxfwv djdlq xvdeoh lq d pdunhw￿1
Grzodwvkdkl/ V1 +5333, h{sodlqv Uhyhuvh Orjlvwlfv dv ￿d surfhvv lq zklfk d
pdqxidfwxuhu v|vwhpdwlfdoo| dffhswv suhylrxvo| vklsshg surgxfwv ru sduwv iurp
wkh srlqw iru frqvxpswlrq iru srvvleoh uhf|folqj/ uhpdqxidfwxulqj ru glvsrvdo￿1
Y1 Gdqlho/ hw do1 +5333, vd|v wkdw Uhyhuvh Orjlvwlfv ￿lv wkh wdvn ri uhfryhulqj
glvfdughg surgxfwv +fruhv,> lw pd| lqfoxgh sdfndjlqj dqg vklsslqj pdwhuldov dqg
edfn kdxolqj wkhp wr d fhqwudo froohfwlrq srlqw iru hlwkhu uhf|folqj ru uhpdqx0
idfwxulqj￿1
Nurrq dqg Yulmhqv +4<<8, vd|v wkdw Uhyhuvh Orjlvwlfv ￿duh wkh orjlvwlf pdq0
djhphqw vnloov dqg d dfwlylwlhv lqyroyhg lq uhgxflqj/ pdqdjlqj dqg glvsrvlqj ri
kd}dugrxv ru qrq0kd}dugrxv zdvwh iurp sdfndjlqj dqg surgxfwv1 Lw lqfoxghv
uhyhuvh glvwulexwlrq/ zklfk fdxvhv jrrgv dqg lqirupdwlrq wr  rz lq wkh rssrvlwh
gluhfwlrq iurp qrupdo orjlvwlf dfwlylwlhv￿1
Ilqdoo|/ Urjhuv/ G1 dqg Wleehq0Ohpenh/ U1 +4<<;, gh￿qh Uhyhuvh Orjlvwlfv
dv ￿wkh surfhvv ri sodqqlqj/ lpsohphqwlqj/ dqg frqwuroolqj wkh h!flhqw/ frvw
h￿hfwlyh  rz ri udz pdwhuldov/ lq 0 surfhvv lqyhqwru|/ ￿qlvkhg jrrgv dqg uhodwhg
lqirupdwlrq iurp wkh srlqw ri frqvxpswlrq wr wkh srlqw ri ruljlq iru wkh sxusrvh
ri uhfdswxulqj ydoxh ru surshu glvsrvdo￿1
6Wdeoh 4 vkrzv d eulhi vxppdu| ri wkh hohphqwv frqvlghuhg lq wkh gh￿qlwlrqv1
Iljxuh 4= Wdeoh 4= Uhyhuvh Orjlvwlfv gh￿qlwlrq*v hohphqwv1
Frqvlghulqj wkh hohphqwv ri wkhvh gh￿qlwlrqv zh wklqn wkdw wkh gh￿qlwlrq
jlyhq e| Urjhuv/ G1 dqg Wleehq0Ohpenh/ U1 +4<<;,/ lv wkh prvw frpsohwh/ dqg
lqfrusrudwhv wkh sulqflsdo fkdudfwhulvwlfv ri zkdw zh wklqn uhyhuvh Orjlvwlfv lv1
Vr/ iurp qrz rq/ iru wkh sxusrvh ri rxu zrun/ zkhq zh wdon derxw Uhyhuvh
Orjlvwlfv zh zloo frqvlghu lw dffruglqj wr wklv gh￿qlwlrq1
D frpprq sureohp zkhq wdonlqj derxw uhyhuvh orjlvwlfv/ lv wkh frqixvlrq
h{lvwlqj ehwzhhq uhyhuvh dqg juhhq orjlvwlfv1 Wkh wkuhdw wkdw dfwxdoo| h{lvwv gxh
wr wkh vfduflw| dqg ghwhulrudwlrq ri qdwxudo uhvrxufhv kdv pdgh frpsdqlhv pruh
frqvflrxv derxw wkh qhfhvvlw| +reoljdwlrq/ lq vrph frxqwulhv, ri ghyhorslqj juhhq
dowhuqdwlyhv ru hfrorjlfdo zd|v wr gr exvlqhvv1 Uhyhuvh Orjlvwlfv lv frpprqo|
plvohdglqj zlwk wkh Juhhq Orjlvwlfv frqfhsw1 Uhghvljqlqj sdfndjlqj wr xvh
ohvv pdwhuldo/ ru uhgxflqj wkh hqhuj| dqg srooxwlrq iurp wudqvsruwdwlrq duh
lpsruwdqw dfwlylwlhv/ exw wkh| pljkw eh ehwwhu sodfhg lq wkh uhdop ri ￿juhhq￿
orjlvwlfv1 Li qr jrrgv ru pdwhuldov duh ehlqj vhqw ￿edfnzdug/￿ wkh dfwlylw|
suredeo| lv qrw d uhyhuvh orjlvwlfv dfwlylw|1 Wkh frqixvlrq uhpdlqv lq wkh idfw
wkdw prvw ri wkh Uhyhuvh Orjlvwlfv dfwlylwlhv duh o|lqj zlwklq wkh juhhq orjlvwlfv
duhd1
6 Zkdw lv wkh gl￿huhqfh ehwzhhq Iruzdug dqg
Uhyhuvh OrjlvwlfvB
Wkh uhvhdufk wkdw kdvehhq grqh lq uhyhuvh orjlvwlfv lv prvwo| lq sudfwlwlrqhu0
uhodwhg mrxuqdov/ udwkhu wkdq dfdghplfdoo| mrxuqdov1 Lq idfw/ wkhuh duh ihz duwlfohv
7wkdw lqwurgxfh pdwkhpdwlfdo ru txdqwlwdwlyh prghov1 Dowkrxjk lw fdq eh vhhq
iurp wkh olwhudwxuh wkdw wkhuh duh pdq| gl￿huhqfhv ehwzhhq wkhvh wzr frqfhswv
wkdw mxvwli| wkh ghyhorsphqw ri gl￿huhqw wkhrulhv lq wklv duhd1 Khuh zh zloo eh
frqfhqwudwhg rq wkh rshudwlrqv pdqdjhphqw lvvxhv ri uhyhuvh orjlvwlfv/ dowkrxjk
doo wkh rujdql}dwlrqdo duhdv pd| eh d￿hfwhg e| wkh lqwurgxfwlrq ri d uhyhuvh
orjlvwlfv v|vwhp lqwr d frpsdq|1 Vhh Urjhuv dqg Wleehq0Ohpenh +4<<;,> iru d
ghwdlohg glvfxvvlrq derxw wkh lqflghqfh ri uhyhuvh orjlvwlfv lq rwkhu duhdv,1
Wr ehwwhu dqdo|}h wkh gl￿huhqfhv ehwzhhq wkhvh wzr frqfhswv zh kdyh iroorz
wkh fodvvl￿fdwlrq pdgh e| Iohlvfkpdqq hw do1 +4<<:,/ zkhuh Uhyhuvh Orjlvwlfv
dfwlylwlhv duh glylghg lqwr irxu gl￿huhqw uhvhdufk duhdv= orfdwlrq wkhru| dqg orjlv0
wlfv qhwzrun ghvljq/ lqyhqwru| frqwuro dqg uhpdqxidfwxulqj/ PUS iru uhfryhulqj
dqg Uhyhuvh Orjlvwlfv dqg h0frpphufh1
614 Orfdwlrq wkhru| dqg orjlvwlf qhwzrun ghvljq=
Dsduw iurp wkh iruzdug orjlvwlfv qhwzrun/ wkhuh duh pruh dfwruv lqyroyhg lq wkh
uhyhuvh orjlvwlfv fkdlq1 Khuh/ wkh vxsso| fkdlq lv frpsrvhg e| doo wkh php0
ehuv ri wkh iruzdug orjlvwlfv qhwzrun soxv wklug sduwlhv/ zklfk dfw dv ghpdqg
srlqwv/ qdpho| wkh vhfrqgdu| pdunhwv/ odqg￿oov/ fkdulw| rujdql}dwlrqv/ dqg pdq|
pruh1 Wkh| kdyh d vshfldo fkdudfwhulvwlf/ vlqfh wkh| gr qrw kdyh d suhylrxvo|
hvwdeolvkhg ghpdqg/ rq wkh frqwudu|/ wkh| kdyh olplwhg fdsdflw| zlwk uhvshfw
ri gl￿huhqw frqvwudlqwv1 Lq wkh fdvh ri odqg￿oov iru lqvwdqfh/ wkh jryhuqphqw
uhjxodwhv wkh txdqwlw| ri surgxfwv wkdw frpsdqlhv fdq vhqg1
Zkhq zloo d surgxfw eh uhwxuqhgB Zkhuh pxvw lw eh vklsshgB Zklfk lv wkh
prvw h!flhqw vwudwhj| wr fkrrvh lq rughu wr pd{lpl}h wkh ￿upv sur￿wvB Wkhvh
duh wkh prvw frpprq txhvwlrqv wkdw kdyh rffxslhg wkh uhvhdufkhuv lq uhyhuvh
orjlvwlfv qhwzrun ghvljq1
Wkh kljk ohyho ri xqfhuwdlqw| frpsolfdwhv wkh ghvljq ri wkh uhyhuvh orjlvwlfv
qhwzrun1 Wklv xqfhuwdlqw| frphv iurp wkh idfw wkdw wkh frpsdq| qhyhu nqrzv lq
dgydqfh zkhq/ zkhuh dqg krz wkh surgxfwv zloo eh uhwxuqhg/ dqg wkh txdqwlwlhv
dqg txdolwlhv/ pd| suhvhqw kljk yduldwlrqv1 Erwk/ txdqwlw| dqg txdolw| ri wkh
surgxfwv uhwxuqhg/ duh ghwhuplqdqwv iru d vxlwdeoh qhwzrun vwuxfwxuh vlqfh/ h1j1
kljk txdolw| surgxfwv pd| mxvwli| kljkhu wudqvsruwdwlrq frvwv +dqg wkxv d pruh
fhqwudol}hg qhwzrun vwuxfwxuh,/ zkhuhdv h{whqvlyh wudqvsruwdwlrq ri orz ydoxh
surgxfwv lv xqhfrqrplfdo1 Pruhryhu/ hqg0pdunhwv iru uhfryhuhg surgxfwv pd|
qrw eh zhoo nqrzq/ h{srvlqj qhwzrun sodqqlqj lq wklv frqwh{w wr hyhq pruh
xqfhuwdlqw| +Iohlvfkpdqq hw do1/4<<:,1
Lq dgglwlrq/ ghshqglqj ri wkh txdqwlw| ri surgxfwv uhwxuqhg lw frxog eh
qhfhvvdu| wr rshudwh zlwk vhyhudo froohfwlrq srlqwv idflolwlhv gl￿huhqw iurp wkh
glvwulexwlrq idflolwlhv xvhg lq wkh iruzdug qhwzrun1
Iljxuh 4/ ghslfwv lq d yhu| jhqhudo zd| wkh sulqflsdo frpsrqhqwv dqg df0
wlylwlhv wkdw pxvw eh wdnhq lqwr dffrxqw lq wkh uhyhuvh orjlvwlfv qhwzrun1 Zh
hoderudwh wklv ￿jxuh edvhg rq wkh sulqflsdo dfwlylwlhv ri uhyhuvh orjlvwlfv wkdw
kdyh ehhq phqwlrqhg lq wkh olwhudwxuh +Urjhuv dqg Wleehq0Ohpenh/ 4<<;,1L w
lv fohdu wkdw lw lv qrw dv vlpsoh dv wkh Iruzdug rqh/ edvlfdoo| ehfdxvh/ zkhq
8wkh surgxfwv duh froohfwhg iurp wkh fxvwrphuv/ wkh urxwh wkh| fdq iroorz lv yhu|
gl￿huhqw ghshqglqj rq wkh vwdwh ri wkh surgxfw1 Dqg/ frqvlghulqj wkdw qrw
doo wkh surgxfw*v frpsrqhqwv duh vx!flhqwo| ydoxdeoh wr eh wudqvsruwhg wr d
pdqxidfwxulqj sodqw/ wkh sureohp ehfrphv yhu| frpsoh{1
Iljxuh 4= Uhyhuvh Orjlvwlfv Vxsso| Fkdlq
Nulnnh/ K1+4<<;, vwdwhv vrph hohphqwv zklfk pdnh wkh uhyhuvh orjlvwlfv qhw0
zrun ghvljq gl￿huhqw irup wkh iruzdug rqh=
41 Iruzdug orjlvwlfv v|vwhpv duh prvwo| sxoo v|vwhpv/ zkloh lq uhyhuvh orjlv0
wlfv lw lv d frpelqdwlrq ri sxvk dqg sxoo vlqfh wkhuh duh folhqwv rq erwk vlghv
ri wkh fkdlq/ qdpho| wkh glvsrvhu dqg wkh uhxvhu1 Lq iruzdug orjlvwlfv/ rqo|
fxvwrphu pdunhwv qhhg wr eh vhuyhg dqg wkh hqwluh orjlvwlf fkdlq/ lqfoxglqj
vxssolhuv +wkh *htxlydohqw* ri glvsrvhuv,/ dgmxvwv lwvhoi wr lw1 Dv d uhvxow ri wkh
h{whqghg surgxfhu uhvsrqvlelolw|/ wkh dprxqw ri zdvwh vxssolhg wr wkh uhyhuvh
orjlvwlf v|vwhp +wkh sxvk, fdqqrw eh lq xhqfhg lq wkh orqj uxq dqg lw kdv wr
eh pdwfkhg zlwk ghpdqg +wkh sxoo,1 Glvsrvdo fdq vhuyh dv dq hvfdsh urxwh iru
xqzdqwhg zdvwh/ exw wkh dprxqw ri glvsrvdo lv olplwhg e| ohjlvodwlrq/ lq pdq|
frxqwulhv1
51 Uhwxuq  rzv iroorz d suhgh￿qhg surfhvvlqj judsk lq zklfk glvfdughg
surgxfwv duh wudqviruphg lqwr vhfrqgdu| surgxfwv/ frpsrqhqwv dqg pdwhuldov1
Lq iruzdug orjlvwlfv/ wklv wudqvirupdwlrq wdnhv sodfh lq d surgxfwlrq xqlw/ zklfk
vhuyhv dv d vrxufh lq wkh qhwzrun1
61 Lq uhyhuvh orjlvwlfv/ wudqvirupdwlrq surfhvvhv whqg wr eh lqfrusrudwhg lq
wkh glvwulexwlrq qhwzrun/ fryhulqj wkh hqwluh *surgxfwlrq* surfhvv iurp vxsso|
+@glvsrvdo, wr ghpdqg +@uhxvh,1 Lq dgglwlrq vlqfh rqo| d iudfwlrq ri uhwxuq
 rzv lv ydoxdeoh/ lw lv olnho| wkdw lq dq h!flhqw ghvljq/ rshudwlrqv duh vsuhdg
ryhu d kljk qxpehu ri hfkhorqv1 Wudglwlrqdo iruzdug orjlvwlfv prghov xvxdoo|
irfxv rq rqh ru wzr hfkhorqv1
9615 Lqyhqwru| frqwuro dqg uhpdqxidfwxulqj=
Zlwklq wklv fodvvl￿fdwlrq/ zh lqfoxgh uhpdqxidfwxulqj/ surgxfwlrq sodqqlqj/
lqyhqwru| frqwuro/ mre vfkhgxolqj/ dqg doo wkh duhdv uhodwhg zlwk surgxfwlrq1
D qxpehu ri idfwruv/ lqfoxglqj wkh olih0f|foh vwdjh ri d surgxfw dqg wkh
udwh ri whfkqrorjlfdo fkdqjh/ lq xhqfh wkh txdolw| dqg txdqwlw| ri wkh uhwxuqv1
Wklv fkdudfwhulvwlf kdv d pdunhg lpsdfw rq ghpdqg pdqdjhphqw/ dqg lqyhqwru|
frqwuro1 Wkhkljk ohyho ri xqfhuwdlqw| dulvlqj jlyhq wkh gl￿huhqw fkdudfwhulvwlfv lq
whupv ri txdqwlw| dqg txdolw| ri wkh uhwxuqhg surgxfwv/ pdnhv pruh frpsolfdwhg
wkh surgxfwlrq sodqqlqj wdvn/ dqg lqfuhdvhv wkh frpsoh{lw| ri wkh lqyhqwru|
frqwuro surfhvv1
Wr xqghuvwdqg wklv frpsoh{lw|/ lv d jrrg lghd wr dqdo|}h zk| shrsoh uhwxuq
wkh surgxfwv1 Urjhuv dqg Wleehq0Ohpenh/ +4<<;, ghvfuleh wkh sulqflsdo fdxvhv
iru zkdw wkh shrsoh uhwxuq wkh surgxfwv1 Wkh| irxqg wkdw wkh prvw frpprq
duh ghvfulehg lq wdeoh 5 zklfk h{sodlqv wkh kljk ydulhw| lq surgxfw txdolw| dqg
txdqwlw|=
Idfwru| uhsdlu 0 Uhwxuq wr yhqgru iru uhsdlu Gdpdjhg 2 Ghihfwlyh
Vhuylfh 2 Pdlqwhqdqfh Gdpdjhg 0 Frvphwlf
Djhqw Rughu Huuru 0 Vdohv djhqw rughulqj huuru Ghdg rq Duulydo 0 Glg qrw zrun
Fxvwrphu Rughu Huuru 0 Rughuhg zurqj pdwhuldo Ghihfwlyh 0 Qrw zrunlqj fruuhfwo|
Hqwu| Huuru 0 V|vwhp surfhvvlqj huuru
Vklsslqj Huuru 0 Vklsshg zurqj pdwhuldo Frqwudfwxdo Djuhhphqwv
Lqfrpsohwh Vklsphqw 0 Rughuhg lwhpv plvvlqj Vwrfn H{fhvv 0 Wrr pxfk vwrfn rq kdqg
Zurqj Txdqwlw| Vwrfn Dgmxvwphqw 0 Urwdwlrq ri vwrfn
Gxsolfdwh Vklsphqw Revrohwh 0 Rxwgdwhg
Gxsolfdwh Fxvwrphu Rughu Rwkhu
Qrw Rughuhg Iuhljkw Fodlp 0 Gdpdjhg gxulqj vklsphqw
Plvvlqj Sduw Plvfhoodqhrxv
Wdeoh 5= Uhsdlu dqg Vhuylfh frghv1
Lw lv lpsruwdqw wr uhpdun wkdw qrw rqo| wkh ￿qdo fxvwrphuv fdq uhwxuq
wkh surgxfwv/ exw dovr uhwdlohuv dqg glvwulexwruv1 Wkh surfhvv ri uhfhlyh wkh
uhwxuqhg surgxfwv/ lpso| vrph gl￿huhqw dfwlylwlhv ri uhylvlrq dqg frqwuro wr
ghwhuplqh zklfk lv wkh dfwxdo vwdwh ri wkh surgxfw/ dqg rqo| diwhu wkdw surfhvv/
lw lv srvvleoh wr ghwhuplqh wkh ehvw vwudwhj| wr glvsrvh wkh surgxfw/ lq rughu wr
plqlpl}h wkh frvwv1
Iohlvfkpdqq hw do1 +4<<: , vwdwh vrph gl￿huhqfhv ehwzhhq uhyhuvh dqg iru0
zdug orjlvwlfv lqyhqwru| frqwuro=
￿ Lq uhyhuvh orjlvwlfv/ dv d frqvhtxhqfh ri wkh uhwxuq  rz/ wkh lqyhqwru|
ohyho ehwzhhq qhz frpsrqhqw uhsohqlvkphqwv lv qr orqjhu qhfhvvdulo| ghfuhdvlqj
exw pd| lqfuhdvh dovr1 Wklv orvv ri prqrwrqlflw| vljql￿fdqwo| frpsolfdwhv wkh
xqghuo|lqj pdwkhpdwlfdo prghov1 D srvvleoh vwduwlqj srlqw iru d forvhu dqdo|vlv
ri wklv dvshfw/ duh wkh fdvk edodqflqj prghov frpsulvlqj lq dqg rxwerxqg  rzv1
:￿ Wkhuh duh wzr dowhuqdwlyhv iru ixo￿oolqj wkh ghpdqg wkdw lpsrvh dq dggl0
wlrqdo vhw ri ghflvlrqv wr eh wdnhq1 H{whuqdo rughuv dqg uhfryhu| kdyh wr eh
frruglqdwhg1
Gdqlho Jxlgh/ Y1 hw do +5333, ghwhuplqh vhyhq fkdudfwhulvwlfv ri wkh uhfry0
hudeoh pdqxidfwxulqj v|vwhpv wkdw frpsolfdwh wkh pdqdjhphqw/ sodqqlqj/ dqg
frqwuro ri vxsso| fkdlq ixqfwlrqv1 Wkh| duh=
￿ Wkh xqfhuwdlq wlplqj dqg txdqwlw| ri uhwxuqv
￿ Wkh qhhg wr edodqfh ghpdqgv zlwk uhwxuqv
￿ Wkh qhhg wr glvdvvhpeoh wkh uhwxuqhg surgxfwv
￿ Wkh xqfhuwdlqw| lq pdwhuldov uhfryhuhg iurp uhwxuqhg lwhpv
￿ Wkh uhtxluhphqw iru d uhyhuvh orjlvwlfv qhwzrun
￿ Wkh frpsolfdwlrq ri pdwhuldo pdwfklqj uhvwulfwlrqv
￿ Wkh sureohpv ri vwrfkdvwlf urxwlqjv iru pdwhuldov iru uhsdlu dqg uhpdqx0
idfwxulqj rshudwlrqv dqg kljko| yduldeoh surfhvvlqj wlphv1
Dv zh kdyh phqwlrqhg ehiruh/ lw lv srvvleoh wkdw zh pxvw xvh gl￿huhqw sduwv
iurp gl￿huhqw uhwxuqhg surgxfwv wr surgxfh d vshfl￿f surgxfw gxulqj wkh uhpdq0
xidfwxulqj surfhvv/ dqg dovr wr pl{ wkhp zlwk qhz sduwv1 Wklv dovr frpsolfdwhv
wkh surgxfwlrq surfhvv1
Wdeoh 6 iurp Gdqlho Jxlgh/ Y1 hw do +5333,/ vkrzv d frpsdulvrq ehwzhhq
pdqxidfwxulqj dqg uhpdqxidfwxulqj hqylurqphqw/ dqg wkh lpsdfw lw kdv ryhu
wkh ixqfwlrqdo duhdv zlwklq dq rujdql}dwlrq1
616 PUS iru Uhfryhu|=
Wudglwlrqdo PUS0v|vwhpv duh qrw ihdvleoh iru uhfryhu| vlwxdwlrqv iru vhyhudo
uhdvrqv1 Rqh ri wkh pdlq sureohpv lv wkh plvpdwfk ri vxsso| dqg ghpdqg/
gxh wr wkh vlpxowdqhrxv uhohdvh ri *zdqwhg* dqg *xqzdqwhg* frpsrqhqwv lq wkh
glvdvvhpeo| ri uhwxuqhg surgxfwv1 D vhfrqg pdmru sureohp lv wkh wudgh0r￿
ehwzhhq uhxvlqj uhwxuq frpsrqhqwv ru rxwvlgh surfxuhphqw 1
Lq Uhpdqxidfwxulqj/ qhz surgxfwv duh pdqxidfwxuhg xvlqj wkuhh nlqgv ri
frpsrqhqwv=
￿ Frpsrqhqwv wkdw duh dozd|v uhwulhyhg iurp uhwxuq surgxfwv +wkh txdqwlw|
lv xqnqrzq,
￿ Frpsrqhqwv wkdw duh dozd|v sxufkdvhg qhz
￿ Frpsrqhqwv wkdw fdq hlwkhu eh sxufkdvhg qhz ru uhwulhyhg iurp uhwxuq
surgxfwv/ ghshqglqj rq dydlodelolw| dqg frvwv1 +Nulnnh/ K1/ 4<<;,
Iohlvfkpdqq hw do1 +4<<: , vwdwhv wkh iroorzlqj dujxphqwv/ wkh uhsdlu rshud0
wlrqv qhhghg wr frqyhuw d uhwxuqhg surgxfw edfn wr dq *dv qhz* vwdwh ghshqg rq
wkh dfwxdo frqglwlrq ri wkh surgxfw1 Wklv pd| ydu| iurp lqvwdqfh wr lqvwdqfh dqg
fdq lq jhqhudo rqo| eh ghflghg diwhu d qxpehu ri whvwlqj dqg glvdvvhpeo| rshud0
wlrqv1 Wkhuhiruh/ lq frqwudvw zlwk wudglwlrqdo pdqxidfwxulqj qr zhoo0ghwhuplqhg
vhtxhqfh ri surgxfwlrq vwhsv h{lvwv lq uhpdqxidfwxulqj1 Wklv h{srvh sodqqlqj
lq d uhpdqxidfwxulqj hqylurqphqw wr d pxfk kljkhu xqfhuwdlqw|1
D kljk ohyho ri frruglqdwlrq lv uhtxluhg lq uhpdqxidfwxulqj gxh wr wkh lq0
whughshqghqfh ehwzhhq gl￿huhqw sduwv dqg vxedvvhpeolhv1 Glvdvvhpeo| ri d
uhwxuqhg surgxfw lv qrw d surfxuhphqw vrxufh iru rqh sduw exw uhohdvhv ydulrxv
;Iljxuh 5= Wdeoh 6= Frpsdulvrq ehwzhhq pdqxidfwxulqj dqg uhpdqxidfwxulqj
hqylurqphqw
sduwv vlpxowdqhrxvo|1 Ixuwkhupruh fdsdflw| sureohpv pd| dulvh li vhyhudo sduwv
uhtxluh wkh vdph uhsdlu idflolw|1 Dqdorjrxv sureohpv pd| eh hqfrxqwhuhg iru
htxlsphqw frpprq wr qhz surgxfwlrq dqg uhsdlu1
Wkh ghshqghqf| ehwzhhq frpsrqhqwv vlpxowdqhrxvo| rewdlqdeoh e| glvdv0
vhpeo| dqg wkh fkrlfh ehwzhhq pxowlsoh vxsso| vrxufhv +h1j1 gl￿huhqw uhwxuqhg
surgxfwv, fdqqrw eh kdqgohg dghtxdwho| e| d vlpsoh ohyho0e|0ohyho wrs grzq
dssurdfk dv lq wudglwlrqdo PUS1
Sulru wr dfwxdoo| surfhvvlqj uhwxuqhg surgxfwv wkh vshfl￿f irupv ri uhxvh
kdyh wr eh ghflghg xsrq1 Iru frpsoh{ surgxfw vwuxfwxuhv wklv lqyroyhv wkh vhohf0
wlrq ri dq dssursuldwh glvdvvhpeo| ohyho ri surfhvvlqj rswlrqv iru wkh frpsrqhqwv
uhohdvhg/ wdnlqj lqwr dffrxqw whfkqlfdo dv zhoo dv hfrqrplfdo frqvlghudwlrqv1
<617 Uhyhuvh Orjlvwlfv dqg h0frpphufh
Wkh lpsruwdqfh ri uhyhuvh orjlvwlfv lq h0frpphufh lv dovr d qhz wuhqg wkdw
kdv ehhq vwduwhg wr eh dqdo|vhg1 Nrnnlqdnl hw do +4<<< , frqvlghu wkh uroh ri
hohfwurqlf frpphufh lq uhyhuvh orjlvwlfv1 Wkh| kdyh lghqwl￿hg vrph uhyhuvh orjlv0
wlfv wdvnv zlwklq wkh h0frpphufh dssolfdwlrqv1 Dovr/ wkh| kdyh lghqwl￿hg wkuhh
surplqhqw h0frpphufh prghov iru wkh vxssruw ri uhyhuvh orjlvwlfv dfwlylwlhv1 Dw
suhvhqw/ wkh prvw srsxodu prgho iru h0frpphufh iru uhyhuvh orjlvwlfv lv Hohf0
wurqlf Pdunhwsodfhv/ zklfk duh xvhg iru erwk qhz dqg xvhg surgxfwv1 Wkhq/
wkhuh duh vlwhv wkdw xvh wkh Zhe wr r￿hu xvhg sduwv ru uhpdqxidfwxuhg htxls0
phqw1 Ilqdoo|/ wkhuh lv dovr d Zhe edvhg sdudgljp wkdw lqfrusrudwhv froohfwlrq/
vhohfwlrq/ uhxvh dqg uhglvwulexwlrq1
Orjlvwlfv dvshfwv ri hohfwurqlf pdunhwsodfhv fryhu d juhdw ydulhw| ri vhuylfhv
lqfoxglqj lqyhqwru| pdqdjhphqw/ yluwxdo zduhkrxvlqj/ wudqvsruwdwlrq/ vfkhgxo0
lqj dqg urxwlqj/ orfdwlrq lghqwl￿fdwlrq/ vhw xs dqg rshudwlrqdo vshfl￿fdwlrqv1 Wr
vlpsoli| wkh orjlvwlfv rshudwlrqv ri wkh hohfwurqlf pdunhwsodfh/ vxefrqwudfwlqj
wklug sduwlhv wr gr vrph ru doo ri wkh ghvfulehg orjlvwlf ixqfwlrqv lv d frpprq
wdfwlf lq pdq| hohfwurqlf pdunhwsodfhv1
Lpsruwdqw lvvxhv kdyh dulvhq lq wklv ￿hog1 Wkh surgxfwv qrz/ fdq eh rughuhg
zlwkrxw wkh sk|vlfdo nqrzohgjh e| wkh folhqw/ wkhuhiruh wkh udwhv ri uhwxuqv iru
wkhvh surgxfwv duh yhu| kljk1 Surgxfwv pxvw eh gholyhuhg dw krph/ exw dovr lq
fdvh ri uhwxuq/ wkh| pxvw eh slfnhg xs lq wkh fxvwrphu krxvh1
Wdeoh 7 vxppdul}hv wkhlu dqdo|vlv lq wklv dvshfw1
Wdeoh 7= Uhyhuvh Orjlvwlfv dfwlylwlhv lq h0frpphufh
Wkhuh duh qrw pxfk olwhudwxuh ghyhorshg lq wklv duhd/ exw jlyhq wkh lpsru0
wdqfh h0frpphufh kdv ehhq dftxlulqj/ zh kdyh frqvlghuhg lpsruwdqw wr wdon
derxw lw lqghshqghqwo|1
Dv zh fdq dssuhfldwh wkhuh duh pdq| uhdvrqv wr ghyhors vshfl￿f prghov
43wr wkh uhyhuvh orjlvwlfv dfwlylwlhv1 Wkh wkhru| ghyhorshg xqwlo wrgd| lv qrw yhu|
h{whqvlyh/ jlyhq wkh ihz |hduv wkdw kdv ehhq ghglfdwhg wr wkh vwxg| ri wkh uhyhuvh
orjlvwlfv1
7 Wkh pxowlsodqw surgxfwlrq sodqqlqj prgho
Wudglwlrqdoo|/ lw kdv ehhq frqvlghuhg wkdw vxssolhuv frpshwh djdlqvw vxssol0
huv/ idfwrulhv djdlqvw idfwrulhv/ glvwulexwruv djdlqvw glvwulexwruv/ dqg uhwdlohuv
djdlqvw uhwdlohuv1 Wklv frqvlghudwlrq kdv fkdqjhg> frpsdqlhv kdyh uhdol}hg wkdw
wkh frpshwlwlrq lq wkh pdunhw lv qrw ehwzhhq frpsdqlhv exw ehwzhhq vxsso|
fkdlqv1 Wkh ￿qdo surgxfw lqfoxghv doo wkh lqh!flhqflhv dqg ryhufrvwv jhqhudwhg
e| hdfk rqh ri wkh frpsdqlhv wkdw frpsrvh d vxsso| fkdlq1 Li wkh vxssolhu lv qrw
h!flhqw/ wkhvh lqh!flhqf| frvwv duh wudqvodwhg wr wkh pdqxidfwxuhu/ li djdlq wkh
pdqxidfwxuhu lv qrw h!flhqw/ wkhvh frvwv jr wr wkh glvwulexwru/ dqg ￿qdoo| wkh
surgxfw zloo eh qrw frpshwlwlyh lq wkh pdunhw/ zlwkrxw fdulqj wkh glvwulexwru
dqg uhwdlohu wr eh h!flhqw1 Wkhuhiruh/ wkh frpshwlwlyhqhvv ri wkh surgxfw pxvw
eh wkh uhvxow ri dq h{fhoohqw pdqdjhphqw wdvn lq doo wkhvh frpsdqlhv/ qrw rqo|
lq vrph ri wkhp1
Wklv jhqhudwhv dovr qhz fkdoohqjhv iru uhvhdufk ghyhorsphqw1 Wkh ghyhors0
phqw ri prghov wkdw frqvlghu wkh ghpdqg zlwklq wkh zkroh vxsso| fkdlq lqvwhdg
ri rqo| hdfk lqglylgxdo hohphqw/ fdq khos frpsdqlhv wr lpsuryh wkhlu joredo shu0
irupdqfh1 Wklv idflolwdwhv uhsurjudpplqj wkh surgxfwlrq zkhq vxssolhuv duh
qrw rq wlph/ zlwk wkh vx!flhqw wlph wr dyrlg frvwv ri vwrsslqj wkh surgxfwlrq/
dovr wr surjudp wkh pdqxidfwxulqj surfhvv wdnlqj lqwr dffrxqw wkh gl￿huhqfhv
lq wkh surgxfwlrq frvwv wkdw h{lvw dprqj idfwrulhv1
Wkhuh duh edvlfdoo| wkuhh gl￿huhqw ohyhov ri sodqqlqj lq wkh surgxfwlrq hq0
ylurqphqw= wkh vwudwhjlf +orqj whup sodqqlqj, wr zklfk ehorqj wkh exvlqhvv
sodqqlqj> wkh wdfwlfdo +phglxp whup sodqqlqj, zklfk zrunv dw dq djjuhjdwh
ohyho ri surgxfwv/ h{dpsohv ri wklv duh wkh Pdvwhu Surgxfwlrq Vfkhgxoh dqg wkh
Dssur{lpdwhg Fdsdflw| Sodqqlqj/ dqg ￿qdoo|/ wkh Rshudwlyh Sodqqlqj +vkruw
whup sodqqlqj, zlwk wkh PUS/ mre0vkrs vfkhgxolqj/ hwf1 Lq wklv sdshu zh duh
zrunlqj dw wkh wdfwlfdo ohyho ri sodqqlqj1
Wkh ￿uvw prgho sursrvhg lv edvhg rq wkh lghd wr kdyh dq lqwhjudwhg surgxf0
wlrq sodqqlqj zlwklq d vxsso| fkdlq ri d frpsdq| zlwk vhyhudo idfwrulhv dqg rqh
fhqwudo glvwulexwlrq fhqwhu1 Wkh prvw frpprq prghov iru surgxfwlrq sodqqlqj
duh irfxvlqj lq rqo| rqh sodqw1 Zh suhwhqg wr h{whqg wklv prghov wr d pxowl0
sodq surgxfwlrq hqylurqphqw wr wdnh dgydqwdjh ri frruglqdwlrq dqg lqwhjudwlrq
ri vhyhudo sodqwv surgxflqj wkh vdph ru vlplodu surgxfwv1 Lq wklv zd|/ zh zloo
plqlpl}h wkh joredo surgxfwlrq frvwv ri wkh zkroh orjlvwlfv qhwzrun1
Iljxuh 5 looxvwudwhv wkh vxsso| fkdlq zh duh frqvlghulqj lq wklv prgho zlwk
pxowlsoh sodqwv dqg rqh fhqwudo glvwulexwlrq idflolw|1 Wkh sodqwv fdq eh rzqhg
e| rqh frpsdq|/ ru frxog eh iurp gl￿huhqw sduwqhuv iurp d vwudwhjlf dooldqfh
ehwzhhq frpsdqlhv1
44Iljxuh 5= VXSSO\ FKDLQ
Qrwlfh wkdw zh kdyh lqfrusrudwhg d Fhqwudo Uhfryhu| Sodqw/ wkdw zh zloo
frqvlghuhg odwhu zkhq zh lqwurgxfh uhwxuqhg surgxfwv wr wkh prgho1
Prgho gh￿qlwlrq
Wkh Fhqwudo glvwulexwlrq idflolw| uhfhlyhv wkh ghpdqg iru wkh vhw ri surgxfwv
wkdw wkh sodqwv pdqxidfwxuhg1 Hdfk sodqw fdq pdqxidfwxuhg doo ru d vxevhw ri
wkh surgxfw1 Iru hdfk surgxfw wkh eloo ri pdwhuldov lv nqrzv/ l1h1 wkh vhw ri
sduwv dqg pdwhuldov wkdw frpsrvh hdfk surgxfw uhihuhqfh1
Wkh surgxfwlrq sodqwv dftxluh wkh pdwhuldov iurp wkhlu vxssolhuv1 Wkh| pxvw
ghflgh wkh txdqwlw| ri pdwhuldov wkh| zloo sxufkdvh dw hdfk shulrg/ ghshqglqj
rq wkh txdqwlw| ri surgxfwv wr pdqxidfwxuh/ zklfk dovr pxvw eh fdofxodwhg e|
wkh prgho1 Rqfh wkh| kdyh surgxfhg wkhlu surgxfwv/ wkh| fdq vkls doo ru sduw
ri wkhp wr wkh fhqwudo glvwulexwlrq fhqwhu1 Wkh pdqxidfwxulqj sodqwv frxog kdyh
lqyhqwrulhv ri ￿qdo surgxfw dqg pdwhuldov1 Zkhq wkh fhqwudo glvwulexwlrq fhqwhu
uhfhlyh wkh surgxfwv/ wkh| dovr suhsduh dqg vhqg wkh surgxfwv wr wkh frqvxphuv
iroorzlqj wkh rughuv wkdw duh uhsuhvhqwhg lq wkh prgho e| wkh ghpdqg1 Wkh
fhqwudo glvwulexwlrq fhqwhu kdv rqo| lqyhqwrulhv rq ￿qdosurgxfwv/ exw lw lv doorzhg
wr lqfxu lq vwrfnrxw lq fdvh wkh surgxfwv duh qrw vx!flhqw wr phw wkh shulrg
ghpdqg1 Zh dvvxph wkdw wkh ghpdqg zklfk lv qrw fryhuhg lq d shulrg/ zloo eh
fryhuhg lq wkh qh{w shulrg/ dqg dovr wkdw wkhuh duh vwrfnrxw frvwv ghulyhg iurp
wkh rssruwxqlw| frvw ri wkh vdohv orvw wrgd| dqg lq wkh ixwxuh1
Ohw l @4 ===q/ eh wkh lqgh{ uhodwhg zlwk wkh qxpehu ri pdqxidfwxuhg surg0
xfwv> m @4 ===p> wkh lqgh{ uhodwhg wr wkh surgxfwlrq sodqwv> s @4 ===S wkh vhw ri
pdwhuldov xvhg> dqg w @4 ===W wkh sodqqlqj shulrgv/
Zh dvvxph wkh pdqxidfwxulqj sodqwv fdq xvh lqyhqwrulhv iurp wkh suhylrxv
shulrg dqg wkh pdwhuldov sxufkdvhg rq wkh fxuuhqw shulrg fdq eh xvhg rq wkdw
shulrg wr surgxfh wkh duwlfohv1 Rwkhu dvvxpswlrq lv wkdw surgxfwlrq lv grqh
zlwklq wkh shulrg1 Wkh shulrgv duh xvxdoo| zhhnv ru elzhhnv1
45Lq wklv prgho/ zh dvvxph wkh ghpdqg iru hdfk surgxfw l rq hdfk shulrg w
+glw, lv suhylrxvo| nqrzq iurp wkh vdohv iruhfdvw ri wkh frpsdq|/ vr zh rqo|
pxvw wr ghflgh wkh txdqwlw| ri surgxfw l wr eh surgxfhg dw hdfk idfwru| m dw
shulrg w +[lmw,> wkh txdqwlw| ri surgxfw l wr eh vklsshg iurp hdfk idfwru| m
wr wkh zduhkrxvh dw hdfk shulrg w +Jlmw,/ wkh txdqwlw| ri hdfk pdwhuldo s wr
eh sxufkdvhg dw hdfk shulrg w +Ssw, dqg wkh lqyhqwru| xqlwv ri ￿qdo surgxfwv l
dqg pdwhuldov s wr krog dw hdfk idfwru| m dqg dw wkh fhqwudo glvwulexwlrq fhqwhu
+Llmw>P msw uhvshfwlyho|,1
Hdfk rqh ri wkh idfwrulhv kdv kroglqj dqg surgxfwlrq fdsdflw|1 Zh frqvlghu
dovr vhfxulw| lqyhqwrulhv wkdw pxvw eh pdlqwdlqhg rq hdfk idfwru|1 Frvwv fdq
ydu| iurp rqh sodqw wr dqrwkhu1
Zh frqvlghu wkh iroorzlqj xqlw frvw=
Wrwdo surgxfwlrq frvw ri surgxfwv +Flmw,/
kroglqj frvwv ri surgxfwv rq wkh pdqxidfwxulqj sodqwv +Klm,/
wudqvsruwdwlrq frvwv ehwzhhq wkh sodqwv dqg wkh glvwulexwlrq fhqwhu +Wlmw,/
vwrfnrxw frvwv dw wkh glvwulexwlrq fhqwhu +Vlw,/
kroglqj frvw dw wkh glvwulexwlrq fhqwhu +Zlw,/
sxufkdvh frvw ri wkh sduwv dqg pdwhuldov +Umsw,/d q g
kroglqj frvwv ri wkh pdwhuldov +Omsw,1
Wkh remhfwlyh lv wr plqlpl}h wkh Wrwdo Surgxfwlrq Frvwv ri wkh zkroh v|vwhp1
Wkh yduldeohv zh kdyh xvhg duh=
Wkh qxpehu ri xqlwv ri surgxfw l wr surgxfh dw sodqw m dw shulrg w +[lmw,>
wkh qxpehu ri lqyhqwru| xqlwv ri surgxfw l dw sodqw m dw shulrg w +Llmw,>
wkh qxpehu ri xqlwv ri surgxfw l wr eh vklsshg iurp sodqw m wr wkh fhqwudo
glvwulexwlrq fhqwhu dw shulrg w +tlmw,/




wkh qxpehu ri xqlwv wr krog ri surgxfw l dw shulrg w dw fhqwudo zduhkrxvh
+\ .
lw ,/
wkh qxpehu ri xqlwv ri pdwhuldo s wr sxufkdvh dw sodqw m dw shulrg w +Smsw,>
dqg
wkh qxpehu ri xqlwv ri pdwhuldo s wr krog dw sodqw m dw shulrg w +Pmsw,1


















































Wkh prgho kdv wkh iroorzlqj frqvwudlqwv=
41 Lqyhqwru| htxdwlrq iru surgxfwv= Wklv frqvwudlqw fdofxodwhv wkh
lqyhqwru| ohyho dw hdfk shulrg1 Wkh lqyhqwru| ri surgxfw l dw sodqw m dw wkh hqg
ri shulrg w +Llmw,> lv htxdo wr wkh lqyhqwru| ri wklv surgxfw l lq wklv sodqw m dw wkh
46hqg ri wkh suhylrxv shulrg w￿4+ Llm+w￿4,,/ soxv wkh surgxfwlrq txdqwlw| ri wklv
surgxfw l lq wklv sodqw m gxulqj wkh suhvhqw shulrg w +[lmw,/ plqxv wkh txdqwlw|
ri surgxfw l vklsshg iurp wklv sodqw m wr wkh fhqwudo zduhkrxvh dw suhvhqw shulrg
+tlmw,1
Llmw @ Llm+w￿4, .[lmw ￿tlmw l @4 ===q> m @4 ===p> w @4 ===W>
51 Vklsphqw frqwuro= Lw lv qhfhvvdu| wr frqwuro wkh txdqwlw| ri duwlfoh
l vklsshg iurp wkh sodqw m wr wkh glvwulexwlrq fhqwhu dw hdfk shulrg w +tlmw,1
Lw pxvw eh orzhu ru htxdo wkdq wkh txdqwlw| surgxfhg ri surgxfw l dw sodqw m
dw wklv shulrg w +[lmw,> soxv wkh ￿qdo lqyhqwru| ri surgxfw l dw sodqw m dw wkh
suhylrxv shulrg w ￿ 4+ Llm+w￿4,,1
tlmw ￿ [lmw .Llm+w￿4, l @4 ===q> m @4 ===p> w @4 ===W>
61 Frqwuro ri pdwhuldov= Li rqo| fdq eh surgxfhg wkh qxpehu ri surgxfwv
zh fdq pdqxidfwxuh zlwk wkh dydlodeoh pdwhuldov1 Wkh txdqwlw| ri hdfk pdwhuldo
s qhhghg wr pdqxidfwxuh rqh xqlw ri surgxfw l lv gh￿qhg e| Nls1 Iru lqvwdqfh/ wr
pdqxidfwxuh surgxfw D/ duh qhfhvvdu| 3 xqlwv ri pdwhuldo L/ 5 xqlwv ri pdwhuldo
LL/ 4 xqlw ri pdwhuldo LLL/ hwf1 Wkh wrwdo qxpehu ri xqlwv wr eh surgxfhg ri
surgxfw l dw sodqw m dw shulrg w +[lmw,> wlphv wkh qxpehu ri pdwhuldov s qhhghg
wr eh surgxfhg rqh xqlw ri surgxfw l +Nls, pxvw eh ohvv wkdq ru htxdo wr wkh
lqyhqwru| rq pdwhuldo s dw sodqw m dw wkh suhylrxv shulrg w ￿ 4+ Pms+w￿4,, soxv
wkh txdqwlw| ri pdwhuldo s sxufkdvhg dw sodqw m dw shulrg w +Smsw,1
q [
l@4
Nls[lmw ￿ Pms+w￿4, .Smsw m @4 ===p> w @4 ===W> s @4 ===S>
71 Lqyhqwru| fdsdflw| iru surgxfwv lq idfwrulhv= Wkh lqyhqwru| ri
surgxfw l dw hdfk idfwru| m dw shulrg w +Llmw, lv olplwhg e| d vhfxulw| vwrfn txdq0
wlw| gh￿qhg iru hdfk duwlfoh l dqg sodqw m +VVlm, +frxog eh 3,/ dqg d Pd{lpxp
txdqwlw| wr krog +Kroglqj Fdsdflw|, ri surgxfw l dw sodqw m +Elm,1
VVlm ￿ Llmw ￿ Elm l @4 ===q> m @4 ===p> w @4 ===W>
81 Lqyhqwru| htxdwlrq iru pdwhuldov= Wr fdofxodwh wkh lqyhqwru| ohyho
ri pdwhuldov rq hdfk shulrg1 Wkh lqyhqwru| ri pdwhuldo s dw sodqw m dw wkh hqg
ri shulrg w +Pmsw,> lv htxdo wr wkh lqyhqwru| ri wklv pdwhuldo s lq wklv sodqw m dw
wkh hqg ri wkh suhylrxv shulrg +w ￿ 4, +Pms+w￿4,,> soxv wkh sxufkdvhg txdqwlw|
ri wklv pdwhuldo s dw wklv sodqw m gxulqj wkh suhvhqw shulrg w +Smsw,/ plqxv wkh





47Pmsw @ Pms+w￿4, . Smsw ￿
q [
l@4
Nls[lmw m @4 ===p> w @4 ===W> s @4 ===S>
91 Lqyhqwru| fdsdflw| iru pdwhuldov= Hdfk idfwru| m kdv d pd{lpxp
kroglqj fdsdflw| iru pdwhuldo s +Yms,/ dqg d vhfxulw| vwrfn +Dms,= Wkhuhiruh dw
hdfk sodqw m> wkh lqyhqwru| ri pdwhuldo s dw shulrg w +Pmsw, lv olplwhg e| wkrvh
ydoxhv1
Yms ￿ Pmsw ￿ Dms m @4 ===p> w @4 ===W> s @4 ===S>
:1 Vwrfn rxw ru lqyhqwru| xqlwv dw fhqwudo zduhkrxvh= Zh doorz
iru vwrfn rxw ru lqyhqwru| xqlwv dw wkh fhqwudo glvwulexwlrq fhqwhu1 Wkh| duh
fdofxodwhg iurp wkh lqyhqwru| ri surgxfw l dw suhylrxv shulrg +w ￿ 4,+\l+w￿4,,/
soxv wkh wrwdo txdqwlw| ri pdwhuldo s vklsshg iurp doo wkh sodqwv m wr wkh fhqwudo
zduhkrxvh dw shulrg w +tlmw,/ plqxv wkh ghpdqg ri surgxfw l dw shulrg w +glw,1
Qrwlfh wkdw li glw A\ l+w￿4, .
p S
m@4




tlmw/ zh kdyh lqyhqwru| xqlwv1 Wklv phdqv wkdw wkh yduldeoh \lw frxog










lw A 3 dqg li wkhuh duh xqlwv ri vwrfn rxw wkhq \
.
lw ￿ 3 dqg \
￿
lw @3 1 Wklv
glylvlrq doorz xv wr dvvljq gl￿huhqw frvwv wr hdfk ri wkh fdvhv dqg kdyh rqo|




tlmw ￿glw @ \lw l @4 ===q> w @4 ===W>
;1 Surgxfwlrq fdsdflw|= Wklv frqvwudlqw olplwv wkh surgxfwlrq fdsdflw|
h{suhvvhg lq krxuv ri surgxfwlrq dydlodeoh dw hdfk sodqw1 Wkhuh lv d sdudphwhu
SWl zklfk uhsuhvhqw wkh krxuv ri surgxfwlrq qhhghg wr pdqxidfwxuh rqh xqlw
ri surgxfw l/ pxowlsolhg e| wkh qxpehu ri xqlwv surgxfhg ri surgxfw l dw sodqw
m lq shulrg w +[lmw,1 Iru hdfk shulrg dqg hdfk idfwru|/ wkh vxppdwlrq ri
wkhvh pxowlsolfdwlrq iru doo wkh surgxfwv pxvw eh ohvv wkdq ru htxdo wr wkh wrwdo
surgxfwlrq wlph dydlodeoh dw hdfk idfwru| m s h us h u l r gw l p hw +Xmw,1
q [
l@4
SWl[lmw ￿ Xmw m @4 ===p> w @4 ===W>
Rwkhu surgxfwlrq fdsdflw| frqvwudlqwv fdq eh hdvlo| lqfrusrudwhg li qhfhv0
vdu|1
48< 1 Lqwhjhu dqg qrq0qhjdwlylw| frqvwudlqwv1
Doo yduldeohv duh lqwhjhu dqg juhdwhu wkdq ru htxdo wr }hur1



















































41Llmw @ Llm+w￿4, .[lmw ￿tlmw l @ 4===q> m @4 ===p> w @4 ===W>




Nls[lmw ￿ Pms+w￿4, . Smsw m @ 4===p> w @4 ===W> s @4 ===S>
71VVlm ￿ Llmw ￿ Elm l @ 4===q> m @4 ===p> w @4 ===W>
81Pmsw @ Pms+w￿4, .Smsw ￿
q S
l@4
Nls[lmw m @ 4===p> w @4 ===W> s @4 ===S>








SWl[lmw ￿ Xmw m @ 4===p> w @4 ===W>
<1[lmw ￿ 3 dqg lqwhjhu>
431 tlmw ￿ 3 dqg lqwhjhu>
441 Ssw ￿ 3 dqg lqwhjhu>
451Llmw ￿ 3 dqg lqwhjhu>
461\
.
lw ￿ 3 dqg lqwhjhu>
471\
￿
lw ￿ 3 dqg lqwhjhu>
481Pmsw ￿ 3 dqg lqwhjhu=
Sdudphwhuv=
q @ Qxpehu ri duwlfohv1
p @ Qxpehu ri sodqwv1
W @ Qxpehu ri shulrgv ri wlph wr sodqqlqj1
Flmw @ Surgxfwlrq frvw ri duwlfoh l dw sodqw m dw shulrg w
Klm @ Kroglqj frvw shu xqlw ri duwlfoh l dw sodqw m1
Vlw @ vwrfn rxw frvw shu xqlw ri duwlfoh l dw shulrg w1
Umsw @ Frvw ri sxufkdvh rqh xqlw ri pdwhuldo s dw sodqw m dw shulrg w1
Omsw @ Kroglqj frvw shu xqlw ri pdwhuldo s dw sodqw m dw shulrg w1
VVlm @ Vhfxulw| vwrfn ri surgxfw l dw sodqw m1
Elm @ Pd{lpxp doorzhg vwrfn ri surgxfw l dw sodqw m1
Nls @ Txdqwlw| ri pdwhuldo s qhhghg wr pdqxidfwxuh rqh xqlw ri surgxfw l1
49Dms @ Pd{lpxp doorzhg vwrfn ri pdwhuldo s dw sodqw m1
Yms @ Vhfxulw| vwrfn ri pdwhuldo s dw sodqw m1
Wlmw @ Wudqvsruwdwlrq frvw shu xqlw ri surgxfw l vklsshg iurp sodqw m
wr fhqwudo idflolw| rq shulrg w1
glw @ Ghpdqg ri surgxfw l dw shulrg w1
Zlw @Kroglqj frvw ri surgxfw l dw shulrg w rq fhqwudo zduhkrxvh1
SW l @ Surgxfwlrq wlph ri rqh xqlw ri surgxfw l1
Xmw @Krxuv ri surgxfwlrq fdsdflw| lq sodqw m dw shulrg w1
Yduldeohv=
[lmw @ Qxpehu ri xqlwv ri surgxfw l wr surgxfh lq sodqw m rq shulrg w1
Smsw @ Qxpehu ri xqlwv ri pdwhuldo s wr sxufkdvh lq sodqw m dw wkh ehjlqlqj
ri shulrg w1
tlmw @ Txdqwlw| ri surgxfw l vklsshg wr fhqwudo idflolw| iurp sodqw m
dw shulrg w1
Llmw @ Lqyhqwru| xqlwv ri surgxfw l lq sodqw m dw wkh hqg ri shulrg w1
Pmsw @ Lqyhqwru| xqlwv ri pdwhuldo s lq sodqw m dw wkh hqg ri shulrg w1
\
￿




lw @Lqyhqwru| xqlwv ri surgxfw l dw shulrg w dw fhqwudo zduhkrxvh1
Dv zh zloo h{sodlq lq vhfwlrq 914 zh vroyh wklv prgho xvlqj Olqjr vriwzduh1
8 Wkh pxowlsodqw surgxfwlrq sodqqlqj prgho zlwk
uhwxuqv
Wkhuh duh pdq| zd|v iru d frpsdq| wr hvwdeolvk wkh uhwxuqv ri wkh surgxfwv1
Lq wkh vhfrqg prgho zh sursrvh/ zh dvvxph wkdw uhwxuqv duh pdgh wkurxjk d
fhqwudol}hg idflolw| zklfk kdv wkh uhvsrqvlelolw| ri uhfhlyh/ glvdvvhpeo| dqg vkls
wkh surgxfwv wr wkh gl￿huhqw surgxfwlrq sodqwv1 Vrph dxwkruv kdyh vwxglhg wkh
sureohp ri glvdvvhpeo| surgxfwv zlwklq d fhqwudo uhfryhu| sodqw1 Nulnnh +4<<;,
kdv pdgh d yhu| jrrg dssurdfk wr wklv sureohp/ rewdlqlqj rswlpdo glvdvvhpeo|
vwudwhjlhv edvhg rq wkh txdolw| ri wkh surgxfwv dqg sduwv/ dqg wkh hfrqrplfdo
yldelolw| ri wkh gl￿huhqw dowhuqdwlyhv1 Kh kdv rewdlqhg wkh rswlpdo glvsrvdo
vwudwhjlhv iru hdfk surgxfw dqg lq wkrvh surgxfwv zkhuh wkh ehvw dowhuqdwlyh
lv wr glvdvvhpeo|/ kh kdv ghwhuplqhg wkh rswlpdo ohyho ri glvdvvhpeo| iru wkh
surgxfw1 Wkrvh dowhuqdwlyhv duh yhu| gl￿huhqw vlqfh wkh txdolw| ri wkh surgxfw
lv xqnqrzq dqg wkh hfrqrplfdo yldelolw| ri wkh glvdvvhpeo| surfhvv lv qrw wkh
vdph iru doo sduwv dqg surgxfwv1
Rxu prgho frqvlghuv wkdw surgxfwv duh uhwxuqhg wr d fhqwudo uhfryhu| idflolw|/
zkhuh wkh| zloo eh fodvvl￿hg ghshqglqj rq wkhlu txdolw|1 Wkh uhwxuqhg surgxfw
fdq eh ixoo| glvdvvhpeohg rq pdwhuldov ru sduwldoo| glvdvvhpeohg ri zkdw lw lv
fdoohg dvvhpeolhv1 Dvvhpeolhv duh frpsrvhg e| ydulrxv pdwhuldov dqg jlyhq
wkhlu txdolw| gr qrw qhhg wr eh vols rq sulpdu| pdwhuldov1 Wkhuhiruh/ zlwk vrph
4:suredelolw|/ zlwk uhvshfw ri wkhlu txdolw|/ wkh| zloo eh glvdvvhpeohg dqg wkh
uhvxowlqj pdwhuldov dqg dvvhpeolhv duh suhsduhg wr eh vklsshg wr wkh pdqxidf0
wxulqj sodqwv/ zkhuh wkh| zloo eh xvhg wr pdqxidfwxuh qhz surgxfwv1 Iljxuh 6
vxppdul}h wkh uhfhswlrq dqg fodvvl￿fdwlrq surfhvv1
Iljxuh 6= Uhfhswlrq dqg fodvvl￿fdwlrq surfhvv
Wkh suhsdudwlrq ri wkh surgxfwv lqfoxghv doo wkh qhfhvvdu| surfhvvhv wr dg0
htxdwh wkh pdwhuldov wr eh lqfoxghg lqwr wkh pdqxidfwxulqj surfhvv dv qhz
pdwhuldov ru dvvhpeolhv1 Wklv lpsolhv wkdw/ wr lqfrusrudwh wkhvh dvvhpeolhv lqwr
wkh qhz surgxfw/ lw lv qhfhvvdu| wr iroorz d gl￿huhqw surfhvv wkdq wkh rqh xvhg
e| wkh idfwrulhv zkhq zrunlqj rqo| zlwk qhz pdwhuldov1 Lq ￿jxuh 7 zh suhvhqw d
vlpsol￿fdwlrq ri wkh eloo ri pdwhuldov iru surgxfw D/ gh￿qhg e| Nulnnh +4<<;,1 Lw
looxvwudwhv wkh glvdvvhpeo| wuhh iru wklv surgxfw1 Lq wklv vshfl￿f fdvh/ surgxfw D
frxog eh glylghg lqwr dvvhpeo| E dqg pdwhuldo H lq d ￿uvw ohyho ri glvdvvhpeo|1
Lq d vhfrqg ohyho ri glvdvvhpeo| dvvhpeo| E frxog eh glylghg lqwr pdwhuldo F dqg
G1 Qrwlfh wkdw surgxfw D frxog eh rqo| glvdvvhpeohg dw ￿uvw ohyho/ dqg pdwhuldo
H dqg dvvhpeo| E zloo eh wkh ￿vxesurgxfwv￿ uhvxowlqj1 Wkhvh ￿vxesurgxfwv￿
zloo eh xvhg dv frpsrqhqwv dqg pdwhuldov wr pdqxidfwxuh qhz surgxfwv1
Wkh lqwurgxfwlrq ri dvvhpeolhv dqg uhpdqxidfwxudeoh pdwhuldov wr wkh sur0
gxfwlrq surfhvv frpsolfdwhv wkh irupxodwlrq dqg wkh vl}h ri wkh sureohp1 Zh
vwloo kdyh wkh dvvxpswlrqv iurp wkh suhylrxv prgho/ exw zh qhhg wr dgg vrph
qhz rqhv/ wr ghdo zlwk wkh qhz uhpdqxidfwxulqj hqylurqphqw1
Wkhuh duh pdq| sureohpv wkdw pxvw eh frqvlghuhg lq rughu wr dghtxdwh wkh
prgho=
D1 Wkh xqfhuwdlqw| lq wkh txdqwlw| dqg txdolw| ri wkh surgxfwv uhwxuqhg
d￿hfwv gluhfwo| wkh txdqwlw| ri pdwhuldov wr sxufkdvh dqg wkh surgxfwlrq wlph1
E1 Gl￿huhqw surgxfwlrq frvwv dqg surfhvvhv +lq dq h{wuhph fdvh hdfk xqlw
fdq iroorz d gl￿huhqw surgxfwlrq surfhvv,1
F1 Rqh duwlfoh fdq eh pdqxidfwxuhg zlwk qhz dqg uhxvdeoh sduwv1
G1 Lq wkh suhylrxv prgho/ lw lv qrw qhfhvvdu| wr frqvlghu lq0surfhvv lqyhqwr0
ulhv1 Lq wklv prgho zh kdyh wr frqvlghu wkhp/ ehfdxvh qrz zh duh lqwurgxflqj




Material C Material D
Material E First level of disassembly
Second level of disassembly
Iljxuh 7= Glvdvvhpeo| wuhh iru surgxfw D
Wr vroyh wkhvh sureohpv/ gl￿huhqw dowhuqdwlyhv zhuh vwxglhg1 Wkh prvw
vlpsoh dqg h￿hfwlyh zdv wr frqvlghu wkh frpsrqhqwv dqg uhxvdeoh pdwhuldov dv
qhz frghv ri pdwhuldov/ l1h1 wkh| duh dgghg wr wkh v|vwhp zlwk qhz frghv/
dqg wkhq gl￿huhqw surfhvvhv duh hoderudwhg wr hdfk surgxfw1 Hdfk rqh ri wkh
surfhvvhv uhtxluhv d vshfl￿f w|sh dqg qxpehu ri pdwhuldov/ dqg dovr kdv gl￿huhqw
surgxfwlrq frvwv1
Wr ehwwhu xqghuvwdqg wkh sureohp/ ohw xv h{hpsoli| lw lq wdeoh 81 Lw vkrzv dq
h{dpsoh ri wkh uhodwlrq ehwzhhq pdwhuldov dqg surfhvvhv iru hdfk surgxfw1 Zh
fdq revhuyh wkdw surgxfw 4 fdq eh pdqxidfwxuhg e| wkuhh gl￿huhqw surfhvvhv1
Wkh surfhvv 4d/ rqo| xvh qhz pdwhuldov/ lq wklv fdvh 4 xqlw ri pdwhuldo 4 dqg 5
xqlwv ri pdwhuldo 51 Wklv surfhvv kdv d pdwhuldov frvw ri 48333/ dqg d surgxfwlrq
frvwv ri :3331 Wkh vdph surgxfw +4,/ fdq dovr eh pdqxidfwxuhg e| surfhvv 4e
zklfk xvh 4 xqlw ri pdwhuldo 5 +zklfk lv qhz,/ 5 xqlwv ri uhxvdeoh pdwhuldo 8/
dqg 4 xqlw ri rwkhu uhxvdeoh pdwhuldo1 Wkh pdwhuldov frvwv duh 46333 dqg wkh
surgxfwlrq frvwv 9:331 Wkhuh lv dovr d wklug surfhvv wr pdqxidfwxuh surgxfw
4/ wkh surfhvv 4f1 Lw xvh 4 xqlw ri wkh qhz pdwhuldo 6/ dqg d frpsrqhqw sduw
+qxpehu <;, wr pdqxidfwxuh wkh surgxfw/ dqg kdv dovr wkh uhvshfwlyh pdwhuldo
dqg surgxfwlrq frvwv1
Wkh prgho zloo ghflgh zklfk surfhvv vkrxog eh xvhg wr pdqxidfwxuh wkh
surgxfw/ l1h1 krz pxfk surgxfwv zloo eh pdqxidfwxuhg/ wkh surfhvvhv wkurxjk
zklfk wkh| zloo eh surgxfhg/ wkh lqyhqwrulhv ri pdwhuldov/ lq0surfhvv dqg ￿qdo
surgxfwv wr eh pdlqwdlqhg/ dqg wkh txdqwlw| ri pdwhuldov wr sxufkdvh wr wkh
vxssolhuv1
Lq wkh irupxodwlrq ri wkh sureohp zh dvvxph wkdw wkh frvw ri wkh dvvhpeolhv
lv wkh glvdvvhpeo| frvwv/ +zklfk lqfoxghv dovr txdolw| lqvshfwlrq dqg glvdvvhpeo|
frvwv lwvhoi, dqg wudqvsruwdwlrq frvw1
4<Surgxfw 4 Surgxfw 5 Surgxfw 6
Pdwhuldov 4d 4e 4f 5 6d 6e
4 4 3 3 5 4 3
Qhz pdwhuldov 5 5 4 3 8 3 3
6 3 3 4 3 4 3
7 3 3 3 3 3 3
8 3 5 3 3 3 4
Uhxvdeoh pdwhuldov 9 3 3 3 3 3 3
: 3 4 3 3 3 3
; 3 3 3 3 3 3
111 111 111 111 111 111 111
<; 3 3 4 3 3 3
Dvvhpeolhv << 3 3 3 3 3 4
433 3 3 3 3 3 4
Pdwhuldov Frvw 48333 46333 45833 58333 47333 45833
Surgxfwlrq Frvw :333 9:33 8833 4;333 <833 43333
Wdeoh 8= Pdwhuldov uhtxluhg wr surgxfh rqh xqlw ri surgxfwv 4/5 dqg 6e |
gl￿huhqw surgxfwlrq surfhvvhv1
814 Irupxodwlrq ri wkh prgho
Zh zloo qrz frqvlghu dq h{whqvlrq ri wkh suhylrxv prgho lqfoxglqj wkh uhwxuqv1
Wkh surgxfwv duh uhwxuqhg wr wkh fhqwudo uhfryhu| idflolw|/ zkhuh wkh| duh uh0
ylvhg/ fodvvl￿hg dqg rujdql}hg e| wkh fruuhvsrqglqj glvsrvdo dqg uhpdqxidfwxu0
lqj vwudwhj|1 Wkh surgxfwv zklfk duh ri jrrg txdolw| iru uhpdqxidfwxulqj duh
glvdvvhpeohg dqg surfhvvhg xqwlo wkh| ehfrph pdwhuldov dqg dvvhpeolhv uhdg|
wr eh vklsshg wr wkh pdqxidfwxulqj sodqwv1 Wkh fhqwudo uhfryhu| sodqw kdv
lqyhqwrulhv ri uhxvdeoh pdwhuldov dqg dvvhpeolhv wr vkls wr wkh idfwrulhv/ dqg
lqyhqwrulhv ri uhwxuqhg surgxfwv1 Wkh fhqwudo uhfryhu| sodqw vklsv wkh pdwhuldov
wr wkh gl￿huhqw idfwrulhv1 Wkh txdqwlw| vklsshg lq hdfk shulrg wr hdfk idfwru|
pxvw eh ghflghg e| wkh prgho/ wkhuhiruh wkh prvw sur￿wdeoh dowhuqdwlyh zloo eh
fkrvhq1
Hdfk idfwru| uhfhlyhv wkh pdwhuldov dqg dvvhpeolhv iurp wkh fhqwudo uhfryhu|
idflolw| dqg xvhv lw wr pdqxidfwxuh wkh surgxfwv e| wkh gl￿huhqw surgxfwlrq
surfhvvhv1 Ohw d @ 4===D/ eh wkh vhw ri surgxfwlrq surfhvvhv1 Edvhg rq wkh
txdqwlw| ri pdwhuldov dqg dvvhpeolhv rewdlqhg iurp wkh fhqwudo uhfryhu| sodqw/
wkh idfwrulhv fkrvh wkh txdqwlw| ri pdwhuldov wr sxufkdvh wr wkh vxssolhuv1
Wkh uhwxuq surfhvv dw wkh fhqwudo uhfryhu| sodqw lv d￿hfwhg e| vhyhudo udqgrp
yduldeohv dv h{sodlqhg/ wkh qxpehu ri surgxfwv uhwxuqhg wr wkh fhqwudo uhfryhu|
sodqw lv xqnqrz1 Ohw Ilw eh wkh txdqwlw| ri surgxfw l uhwxuqhg rq shulrg w/
zh zloo dvvxph wkdw wkh dyhudjh dqg vwdqgdug ghyldwlrq ri wkhvh yduldeohv lv
nqrzq1 Ohw TXls eh wkh txdolw| ri pdwhuldo ru dvvhpeo| s rewdlqhg iurp wkh
surgxfw l zklfk frxog eh jrrg ru edg +4 ru 3 uhvshfwlyho|,1 Ohw SURE ls/e hw k h
suredelolw| ri rqh xqlw ri pdwhuldo ru dvvhpeo| s rewdlqhg iurp wkh glvdvvhpeo|
53surfhvv ri surgxfw l wr eh ri txdolw| TXls= Wklv suredelolw| fdq wdnh ydoxhv
iurp 3 wr 4/ dqg zh dvvxph lw lv suhylrxvo| nqrzq iurp gl￿huhqw whfkqlfdo
vshfl￿fdwlrqv1 Ohw FIls eh wkh qxpehu ri pdwhuldo ru dvvhpeo| s rewdlqhg iurp
wkh glvdvvhpeo| surfhvv ri rqh xqlw ri surgxfw l/ wkhq wkh dyhudjh txdqwlw|
ri pdwhuldo s rewdlqhg iurp doo surgxfwv uhwxuqhg dw shulrg w lv fdofxodwhg e|
q S
l@4
SUREls^TXls‘ ￿ H^Ilw‘￿ FIls1
Wkh qhz prgho lv wkhq irupxodwhg olnh wkh suhylrxv rqh/ exw zlwk vrph
yduldwlrqv/ qdpho|=
d1 Wkh surgxfwlrq frvwv qrz duh gl￿huhqwldwhg e| surgxfwlrq surfhvvhv/ vr









Fdlmw[dlmw> zkhuh Fdlmw lv wkh
surgxfwlrq frvw ri rqh xqlw ri duwlfoh l dw sodqw m e| surfhvv d dw shulrg w/d q g
[dlmw lv wkh qxpehu ri xqlwv ri surgxfw l wr surgxfh lq sodqw m e| surfhvv d dw
shulrg w1
e1 Wkh wudqvsruwdwlrq frvw ri pdwhuldo s iurp fhqwudo uhfryhu| sodqw wr hdfk
rqh ri wkh surgxfwlrq sodqwv m dw shulrg w lv lqfrusrudwhg +Jmsw,1 Wklv frvw lv
pxowlsolhg e| wkh txdqwlw| ri pdwhuldov s vklsshg iurp fhqwudo uhfryhu| sodqw wr








f1 Wkh glvdvvhpeo| frvw pxvw dovr eh frqvlghuhg1 Wr fdofxodwh lw lv qhfhvvdu|
wr gr wkh iroorzlqj=
Iluvw/ lw lv qhfhvvdu| wr fdofxodwh wkh dyhudjh txdqwlw| ri pdwhuldo s rewdlqhg





Vhfrqg/ zh pxowlso| wklv dyhudjh qxpehu ri pdwhuldov uhwxuqhg e| wkh glv0
vdvvhpeo| frvw iru pdwhuldo s iurp surgxfw l dw shulrg w=







SUREls^TXls‘ ￿ FIls ￿ H^Ilw‘ ￿ GFlsw=
g1 Wkh sdudphwhu N lv qrz gl￿huhqwldwhg dovr e| wkh surgxfwlrq surfhvv1
Wklv doorzv xv wr kdyh wkh gl￿huhqw pdwhuldov uhtxluhphqwv iru hdfk surfhvv1 Qr0
wlfh wkdw wkh suhylrxv surgxfwlrq surfhvv +iurp wkh suhylrxv prgho, lv lqfoxghg
xvlqj rqo| wkh qhz pdwhuldov dv lq wkh suhylrxv prgho1
h1 Zh qhhg wr vhsdudwh lq wkh prgho wkh qhz pdwhuldov dqg wkh uhxvdeoh
pdwhuldov dqg sduwv1 Wr gr lw/ zh glylghg wkh vhw ri pdwhuldov lq wzr jurxsv/ wkh
￿uvw jurxs iurp pdwhuldo 4 wr pdwhuldo q zklfk frqwdlqv rqo| wkh qhz pdwhuldov/
dqg wkh vhfrqg jurxs iurp +q.4, wr S zklfk kdv wkh uhxvdeoh pdwhuldov dqg wkh
dvvhpeolhv1 Lw lv lpsruwdqw wr uhpdun wkdw lq wkh prgho zh gr qrw frqvlghuhg
gluhfwo| wkh pdwhuldov frvwv iru wkh uhxvdeoh pdwhuldov/ ehfdxvh zh duh fdofxodwlqj
lw e| wkh vxp ri txdolw|/ glvdvvhpeo| dqg wudqvsruwdwlrq frvwv1
54i1 Lw lv qhfhvvdu| wr frqvlghu lqyhqwrulhv ri uhwxuqhg pdwhuldov dqg dvvhpeolhv
dw wkh fhqwudo uhfryhu| sodqw zlwk wkh fruuhvsrqglqj fdsdflw| frqvwudlqwv dqg
kroglqj frvwv1 Zh gh￿qh dv LQsw wkh lqyhqwru| ri pdwhuldo ru dvvhpeo| s dw
shulrg w dqg zlwk KRsw wkh fruuhvsrqghqw kroglqj frvw ri pdwhuldo ru dvvhpeo|
s dw shulrg w= Wkh kroglqj fdsdflw| iru pdwhuldo ru dvvhpeo| s lv gh￿qhg e|
PUPs=
Wkhuh duh dovr vrph fkdqjhv rq wkh uhvwulfwlrqv ri wkh prgho/ wkdw zloo eh
ghvfulehg qh{w1
41 Lqyhqwru| htxdwlrq iru uhxvdeoh pdwhuldov dqg dvvhpeolhv= Zh
fdoohg uhxvdeoh wkrvh pdwhuldov ru dvvhpeolhv rewdlqhg iurp wkh glvdvvhpeo|
surfhvv ri d uhwxuqhg surgxfw1 Wkh lqyhqwru| ri pdwhuldo s lq shulrg w +LQsw, lv
htxdo wr wkh lqyhqwru| ri wklv pdwhuldo s dw wkh hqg ri wkh suhylrxv shulrg +w￿4,
+LQs+w￿4,,/ soxv wkh hvwlpdwhg uhwxuqhg pdwhuldov txdqwlw| gxulqj wkh suhvhqw
shulrg w/ plqxv wkh txdqwlw| ri pdwhuldov s vklsshg wr wkh sodqw m dw shulrg w
+Rmsw,1
Wkh hvwlpdwhg uhwxuqhg pdwhuldov txdqwlw| lv fdofxodwhg dv h{sodlqhg ehiruh
iru doo wkh uhxvdeoh pdwhuldov +s @ +q .4,===S, dqg iru doo wkh shulrgv1
LQsw @ LQs+w￿4, .
q [
l@4




s @ +q .4 ,===S>w @4 ===W>
51 Frqwuro ri vklsphqwv= Zh dvvxph wkdw sduwv uhfryhuhg lq d shulrg duh
vklsshg wr wkh pdqxidfwxulqj sodqwv lq wkh qh{w shulrg1 Wkhvh vhw ri frqvwudlqwv
irufhv wkh txdqwlw| ri pdwhuldov s uhwxuqhg wr doo wkh idfwrulhv m lq shulrg w +Rmsw,
wr eh ohvv wkdq ru htxdo wr wkh lqyhqwru| ri pdwhuldov s dw wkh fhqwudo uhfryhu|
sodqw lq wkh suhylrxv shulrg w ￿ 4+ LQs+w￿4,,1
p [
m@4
Rmsw ￿ LQs+w￿4, s @ +q .4 , ===S> w @4 ===W>
61 Lqyhqwru| fdsdflw| iru uhxvdeoh pdwhuldov dqg dvvhpeolhv= Wkh
lqyhqwru| ri pdwhuldo s dw shulrg w lq wkh Fhqwudo Uhfryhu| Sodqw +LQsw, lv
olplwhg e| d pd{lpxp vwrfn txdqwlw| +PUPs, +kroglqj fdsdflw|,/ dqg lw lw
pxvw eh juhdwhu wkdq ru htxdo wr 31 Wklv lv fdofxodwhg iru doo wkh uhxvdeoh
pdwhuldov dqg iru doo wkh shulrgv1
LQsw ￿ PUPs s @ +q .4 , ===S> w @ 4===W>
71 Lqyhqwru| htxdwlrq iru pdwhuldov= Sxufkdvhg pdwhuldov duh wkrvh
wkdw pdqxidfwxulqj sodqwv fdq dftxluh iurp h{whuqdo vxssolhuv1 Wkh lqyhqwru|
ri pdwhuldo s dw sodqw m dw wkh hqg ri shulrg w +Pmsw,> lv htxdo wr wkh lqyhqwru| ri
55wklv pdwhuldo s dw wklv sodqw m dw wkh hqg ri wkh suhylrxv shulrg w￿4+ Pms+w￿4,,>
soxv wkh sxufkdvhg txdqwlw| ri wklv pdwhuldo s dw wklv sodqw m gxulqj wkh suhvhqw
shulrg w +Smsw,/ plqxv wkh vxppdwlrq ri wkh qxpehu ri xqlwv wr surgxfh e|
doo surgxfwlrq surfhvvhv d ri surgxfw l dw sodqw m dw shulrg w +[dlmw,> wlphv
wkh qxpehu ri pdwhuldov s qhhghg wr surgxfh rqh xqlw ri surgxfw l e| surfhvv
d+Ndls, soxv wkh txdqwlw| uhwxuqhg ri pdwhuldo s wr sodqw m dw shulrg w
+Rmsw,1









m @4 ===p> w @4 ===W> s @4 ===q>
81 Lqyhqwru| htxdwlrq iru dvvhpeolhv= Wklv vhw ri frqvwudlqwv ydulhv
iurp wkh suhylrxv rqh +zlwk sxufkdvhg pdwhuldov, lq wkh fdvh wkdw dvvhpeolhv
fdqqrw eh sxufkdvhg wr h{whuqdo vxssolhuv1 Wkhuhiruh wkh htxdwlrq lv wkh vdph
exw zlwkrxw wkh sxufkdvlqj yduldeoh +Smsw,1









m @4 ===p> w @4 ===W> s @+ q .4 , ===S>
91 Lqyhqwru| fdsdflw| iru pdwhuldov= Wklv frqvwudlqw grhv qrw fkdqjh
iurp wkh suhylrxv prgho1
Yms ￿ Pmsw ￿ Zms w @ 4===W> s @4 ===S>
:1 Frqwuro ri pdwhuldov= Wkhvh frqvwudlqwv hqvxuh wkdw rqo| fdq eh sur0
gxfhg wkh qxpehu ri surgxfwv zh fdq surgxfh zlwk wkh dydlodeoh pdwhuldov1 Wr
gr lw/ zh pxowlso| wkh vxppdwlrq ri wkh qxpehu ri xqlwv wr surgxfh e| doo sur0
gxfwlrq surfhvvhv d ri surgxfw l dw sodqw m dw shulrg w +[dlmw,> wlphv wkh qxpehu
ri pdwhuldov s qhhghg wr surgxfh rqh xqlw ri surgxfw l e| surfhvv d+Ndls,1 Zh
irufh wklv txdqwlw| ri pdwhuldov uhvxowlqj iurp wkh suhylrxv pxowlsolfdwlrq wr eh
ohvv wkdq ru htxdo wr wkh lqyhqwru| ri pdwhuldov s dw sodqw m dw wkh suhylrxv






Ndls[dlmw ￿ Pms+w￿4, .Smsw m @ 4===p> w @4 ===W> s @4 ===S>
;1 Lqyhqwru| htxdwlrq iru surgxfwv= Wkh lqyhqwru| ri surgxfw l dw
sodqw m dw wkh hqg ri shulrg w +Llmw,/ lv htxdo wr wkh lqyhqwru| ri wklv surgxfw l lq
56wklv sodqw m dw wkh hqg ri wkh suhylrxv shulrg w￿4+ Llm+w￿4,,/ soxv wkh surgxfwlrq
txdqwlw| ri wklv surgxfw l lq wklv sodqw m e| doo wkh surgxfwlrq surfhvvhv
d gxulqj wkh suhvhqw shulrg w +[dlmw,/ plqxv wkh txdqwlw| ri surgxfw l vklsshg
iurp wklv sodqw m wr wkh fhqwudo zduhkrxvh dw shulrg w +tlmw,1
Llmw @ Llm+w￿4, .
D [
d@4
[dlmw ￿ tlmw l @ 4===q> m @4 ===p> w @4 ===W>
<1 Vklsphqw frqwuro= Wkh txdqwlw| ri surgxfw l vklsshg iurp wkh idfwrulhv
m wr wkh glvwulexwlrq fhqwhu dw shulrg w +tlmw,/ pxvw eh ohvv wkdq ru htxdo wr wkh
lqyhqwru| ri surgxfw l dw sodqw m dw wkh hqg ri wkh suhylrxv shulrg +w ￿
4,>+Llm+w￿4,, soxv wkh txdqwlw| surgxfhg dw hdfk sodqw m lq wklv shulrg w e| doo
wkh surgxfwlrq surfhvvhv d +[dlmw,1
D [
d@4
[dlmw .Llm+w￿4, ￿ tlmw l @ 4===q> m @4 ===p> w @4 ===W>
431 Lqyhqwru| fdsdflw| iru surgxfwv= Wklv frqvwudlqw grhv qrw fkdqjh
iurp wkh suhylrxv prgho
VVlm ￿ Llmw ￿ Elm l @ 4===q> m @4 ===p> w @ 4===W>
441 Vwrfnrxw ru Lqyhqwru| xqlwv rq fhqwudo zduhkrxvh= Wklv frq0




tlmw ￿glw @ \lw l @ 4===q> w @4 ===W>
451 Surgxfwlrq fdsdflw|= Wklv frqvwudlqw olplwv wkh surgxfwlrq fdsdflw|
h{suhvvhg lq krxuv ri surgxfwlrq dydlodeoh lq hdfk sodqw1 Wkhuh lv d sdudphwhu
SWdl zklfk uhsuhvhqw wkh krxuv ri surgxfwlrq qhhghg wr pdqxidfwxuh rqh xqlw ri
surgxfw l e| surfhvv d/ pxowlsolhg e| wkh qxpehu ri xqlwv surgxfhg ri surgxfw
l e| surfhvv d dw shulrg w +[dlmw,1 Iru hdfk shulrg w dqg hdfk idfwru| m/ wkh
vxppdwlrq ri wkhvh pxowlsolfdwlrq iru doo wkh surgxfwv l dqg doo wkh surgxfwlrq
surfhvvhv d/ pxvw eh ohvv wkdq ru htxdo wr wkh wrwdo surgxfwlrq wlph dydlodeoh lq






SWdl[dlmw ￿ Xmw m @ 4===p> w @4 ===W>
Rwkhu surgxfwlrq fdsdflw| frqvwudlqwv fdq eh hdvlo| lqfrusrudwhg li qhfhv0
vdu|1
57461 Lqwhjhu dqg qrq0qhjdwlylw| frqvwudlqwv1
Doo yduldeohv duh lqwhjhu dqg juhdwhu wkdq }hur1







































































SUREls^TXls‘ ￿ FIls ￿ H^Ilw‘￿ GFlsw
Vxemhfw wr=
41LQsw @ LQs+w￿4, .
q S
l@4








Rmsw ￿ LQs+w￿4, s @ +q .4,===S> w @4 ===W>
61LQsw ￿ PUPs s @ +q .4 , ===S> w @4 ===W>









m @4 ===p> w @4 ===W> s @4 ===q>









m @4 ===p> w @4 ===W> s @+ q.4,===S>






Ndls[dlmw ￿ Pms+w￿4, .Smsw
m @ 4===p> w @4 ===W> s @4 ===S>
;1 Llmw @ Llm+w￿4,.
D S
d@4




[dlmw .Llm+w￿4, ￿ tlmw l @ 4===q> m @4 ===p> w @4 ===W>










SWdl[dlmw ￿ Xmw m @ 4===p> w @4 ===W>
461[dlmw ￿ 3 dqg lqwhjhu>
471 Ssw ￿ 3 dqg lqwhjhu>
481Llmw ￿ 3 dqg lqwhjhu>
491\
.
lw ￿ 3 dqg lqwhjhu>
4:1\
￿
lw ￿ 3 dqg lqwhjhu>
4;1Pmsw ￿ 3 dqg lqwhjhu>
584<1tlmw ￿ 3 dqg lqwhjhu>
531Rmsw ￿ 3 dqg lqwhjhu>
541LQsw ￿ 3 dqg lqwhjhu=
Sdudphwhuv=
D @ Qxpehu ri surgxfwlrq surfhvv wkdw kdv wkh surgxfw zlwk wkh pd{lpxp
qxpehu ri surgxfwlrq surfhvvhv1
q @ Qxpehu ri duwlfohv1
p @ Qxpehu ri sodqwv1
W @ Qxpehu ri shulrgv ri wlph wr sodqqlqj1
Fdlmw @ Surgxfwlrq frvw ri rqh xqlw ri duwlfoh l dw sodqw m e| surfhvv d
rq shulrg w1
Klm @ Kroglqj frvw shu xqlw ri duwlfoh l dw sodqw m1
Vlw @ vwrfn rxw frvw shu xqlw ri duwlfoh l dw shulrg w1
Umsw @ Frvw ri sxufkdvh rqh xqlw ri pdwhuldo s dw sodqw m dw shulrg w=
Omsw @ Kroglqj frvw shu xqlw ri pdwhuldo s dw sodqw m dw shulrg w1
VVlm @ Vhfxulw| vwrfn ri surgxfw l dw sodqw m1
Elm @ Pd{lpxp doorzhg vwrfn ri surgxfw l dw sodqw m1
Ndls @ Txdqwlw| ri pdwhuldo s qhhghg wr pdqxidfwxuh rqh xqlw ri surgxfw l
e| surfhvv d=
FIls @ Qxpehu ri xqlwv ri pdwhuldo s wkdw fdq eh rewdlqhg iurp
uhwxuqhg surgxfw l1
Zms @ Pd{lpxp doorzhg vwrfn ri pdwhuldo s dw sodqw m1
Yms @ Vhfxulw| vwrfn ri pdwhuldo s dw sodqw m1
Wlmw @ Wudqvsruwdwlrq frvw shu xqlw ri surgxfw l vklsshg iurp sodqw m
wr fhqwudo idflolw| rq shulrg w1
Jsmw @Wudqvsruwdwlrq frvw shu xqlw ri pdwhuldo s vklsshg iurp fhqwudo
uhfryhu| sodqw wr sodqw m rq shulrg w1
glw @ Ghpdqg ri surgxfw l dw shulrg w1
Zlw @Kroglqj frvw ri surgxfw l dw shulrg w rq fhqwudo zduhkrxvh1
Ydl @ Surgxfwlrq wlph ri rqh xqlw ri surgxfw l e| surfhvv d1
Xmw @Krxuv ri surgxfwlrq fdsdflw| lq sodqw mdw shulrg w=
KRsw @Kroglqj frvw ri pdwhuldo s dw shulrg w rq fhqwudo uhfryhu| sodqw1
SURE ls^TXs‘@ Suredelolw| ri pdwhuldo s uhvxowlqj iurp wkh glvvdvvhpeo|
surfhvv ri surgxfw l lv ri txdolw| TXs iru uhpdqxidfwxulqj
GFlsw @ Glvvdvvhpeo| frvw iru pdwhuldo ru dvvhpeo| s iurp surgxfw l
dw shulrg w=
Yduldeohv=
[dlmw @ Qxpehu ri xqlwv ri surgxfw l wr surgxfh lq sodqw m e| surfhvv d
rq shulrgw1
Smsw @ Qxpehu ri xqlwv ri pdwhuldo s wr sxufkdvh lq sodqw m dw wkh ehjlqlqj
ri shulrg w=
tlmw @ Txdqwlw| ri surgxfw l vklsshg wr fhqwudo idflolw| iurp sodqw m
rq shulrg w1
59Llmw @ Lqyhqwru| xqlwv ri surgxfw l lq sodqw m dw wkh hqg ri shulrg w1
Pmsw @ Lqyhqwru| xqlwv ri pdwhuldo s lq sodqw m dw wkh hqg ri shulrg w1
\
￿




lw @Lqyhqwru| xqlwv ri surgxfw l dw shulrg w dw fhqwudo zduhkrxvh1
Rmsw @ Txdqwlw| ri pdwhuldo s vklsshg iurp fhqwudo uhfryhu|
sodqw wr sodqw m rq shulrg w1
LQsw @Lqyhqwru| xqlwv ri pdwhuldo s dw shulrg w rq fhqwudo uhfryhu| sodqw1
PUSs @ Kroglqj fdsdflw| ri uhxvdeoh pdwhuldo ru dvvhpeo| s dw Fhqwudo
Uhfryhu| Sodqw1
Udqgrp Yduldeohv
H^Ilw‘@Qxpehu ri xqlwv ri surgxfw l uhwxuqhg wr fhqwudo uhfryhu|
sodqw rq shulrg w1
TXls @ 4 li pdwhuldo s rewdlqhg iurp surgxfw l/ lv ri jrrg txdolw| iru
uhpdqxidfwxulqj surfhvv1
3 li pdwhuldo s rewdlqhg iurp surgxfw l/ lv qrw ri jrrg txdolw| iru
uhpdqxidfwxulqj surfhvv
9 Rswlpl}dwlrq 0 Vlpxodwlrq Surfhvv
Iluvw prgho lv d lqwhjhu olqhdu surjudpplqj prgho dqg zh vroyh lw xvlqj wkh
Olqjr vriwzduh1 Wr uhgxfh wkh frpsxwdwlrqdo wlph/ zh kdyh xvlqj d uhod{hg
prgho xvlqj rqo| wkh yduldeoh [dlmw dv lqwhjhu/ exw uhod{lqj wkh uhpdlqlqj lqwhjhu
yduldeohv wr eh uhdo1 Wklv prgho kdv uhvxowlqj lq d lqwhjhu rswlpdo vroxwlrq/
wkhuhiruh lw lv wkh rswlpdo vroxwlrq iru wkh ruljlqdo lqwhjhu prgho1 Zlwk wklv
uhod{hg prgho/ wkh frpsxwdwlrqdo wlph zdv uhgxfhg wr 6 vhfrqgv lq dyhudjh +iru
wkh h{dpsohv zh kdyh uxq,1
Ghdolqj zlwk wkh xqfhuwdlqw| ri wkh yduldeohv lqyroyhg lq wkh vhfrqg prgho/
lq rughu wr vroyh lw/ zh kdyh frpelqhg wzr gl￿huhqw surfhvvhv1 Iljxuh 8 vkrzv
wkh fkdudfwhulvwlfv ri wkh rswlpl}dwlrq0vlpxodwlrq surfhvv +edvhg rq Fkhxqj/ Z1
hw do +5334,,1 Zh kdyh uxq wzr gl￿huhqw vwudwhjlhv wr frpsduh wkh shuirupdqfh
ri wkrvh vwudwhjlhv1
Lq ￿uvw vwudwhj|/ zh udq dq rswlpl}dwlrq prgho +iru wkh prgho zlwk uhwxuqv,/
wdnlqj wkh h{shfwhg uhwxuqv dqg txdolw|1 Zh rewdlqhg wkh rswlpdo sodq1 Iurp
wklv rswlpdo sodq zh ghflgh wkh qxpehu ri xqlwv wr surgxfh/ wkh rswlpdo sxu0
fkdvlqj vwudwhj| dqg dovr zh rewdlq dq hvwlpdwlyh ri wkh lqyhqwrulhv dqg ￿qdo
frvwv1 Zh dvvxph wkh frpsdq| dffhswv wkh rswlpdo sodq dv wkh surgxfwlrq dqg
sxufkdvlqj vwudwhj|1
Zh wkhq diwhu/ frqvlghu wkh rswlpl}dwlrq uhvxowv/ dqg uxq d vlpxodwlrq1 Lq
wkh vlpxodwlrq prgho/ zh vlpxodwh wkh txdqwlw| ri uhwxuqv iru hdfk surgxfw/ dqg
wkh txdolw| ri wkh surgxfwv uhwxuqhg1 Zh xvh wkh pdqxidfwxulqj dqg sxufkdvlqj
vfkhgxoh surgxfhg e| wkh rswlpl}dwlrq prgho1 Rxu lqwhuhvw lv wr dqdo|}h wkh
5:lqyhqwru| ehkdylru iru wkh uhwxuqhg pdwhuldov dqg dvvhpeolhv dqg wkh wrwdo frvwv
ri wkh prgho1
Dv d vhfrqg vwudwhj|/ zh udq dq rswlpl}dwlrq prgho dv ehiruh/ exw wkh
vlpxodwlrq prgho rqo| iru kdoi ri wkh shulrgv1 Diwhu wkdw/ zh xvh wkh uhvxowv wr
uxq djdlq wkh rswlpl}dwlrq prgho iru wkh uhpdlqlqj qxpehu ri shulrgv1 Lq wklv
irup wkh surgxfwlrq dqg sxufkdvlqj vfkhgxoh fkdqjh iru wkh uhpdlqlqj shulrgv1
Djdlq/ zh wdnh wkh uhvxowv iurp wklv vhfrqg rswlpl}dwlrq dqg xvh lw wr uxq wkh
vlpxodwlrq prgho iru wkh uhpdlqlqj qxpehu ri shulrgv1
Wkh lqsxwv dqg rxwsxwv rewdlqhg iurp wkh rswlpl}dwlrq dqg vlpxodwlrq
prgho duh vxppdul}hg lq wdeoh 91
Wdeoh 9= Lqsxwv dqg rxwsxwv iurp rswlpl}dwlrq dqg vlpxodwlrq prghov
Zh kdyh frpsduhg wkh uhvxowv iurp wkh gl￿huhqw rswlpl}dwlrq0vlpxodwlrq






























Iljxuh 8= Rswlpl}dwlrq 0 Vlpxodwlrq Surfhvv
Zh kdyh frqvlghuhg ydulrxv h{dpsohv/ ydu|lqj wkh qxpehu ri pdqxidfwxulqj
sodqwv/ wkh qxpehu ri surgxfwv dqg wkh ghpdqg ri wkhp/ wkhqxpehu ri pdwhuldov
dqg wkh qxpehu ri surgxfwlrq surfhvvhv dulvhq iurp wkh uhfryhu| dowhuqdwlyhv1
Iljxuh 9 looxvwudwhv wkh uhfryhudeoh surgxfwlrq v|vwhp1
Wkh rswlpl}dwlrq0vlpxodwlrq prgho hydoxdwhv wkh shuirupdqfh ri wkh uhvxowv
rewdlqhg iurp wkh rswlpl}dwlrq prgho zlwklq gl￿huhqw vfhqdulrv1 Odwhu rq zh
zrxog olnh wr xvh lw dq lwhudwlyh surfhvv wr lpsuryh wkh uhfryhudeoh surgxfwlrq
sodqqlqj lq vlplodu zd| dv Fkhxqj/ Z1 hw do +5334,1 Wkh lqwhuhvw ri wklv dssurdfk
lv wr frpsduh wkh srvvleoh shuirupdqfh ri gl￿huhqw vfhqdulrv dqg doorz wkh sodq
pdnhu wr wdnh d ehwwhu ghflvlrq1 Lq rxu h{dpsoh zh kdyh hvwdeolvkhg wkuhh
gl￿huhqw vfhqdulrv/ zlwk d orz/ phglxp dqg kljk udwh ri uhwxuqv1 Wkh| duh
gh￿qhg lq whupv ri wkh qxpehu ri uhwxuqv dqg txdolw| ri surgxfwv uhwxuqhg1
Zh duh lqwhuhvwhg lq wkh wrwdo frvwv ri wkh prgho exw/ xqghu wkh wkuhh vfh0
qdulrv/ zh kdyh dqdo|}hg dovr wkh lqyhqwru| ehkdylru/ vlqfh wkh| duh d jrrg
lqglfdwru ri wkh vhuylfh ohyho ri wkh frpsdq|1 Lq wkh qh{w vhfwlrq/ zh eulh |
ghvfuleh vrph fkdudfwhulvwlfv ri erwk/ rswlpl}dwlrq dqg vlpxodwlrq prgho/ dqg






































































































Iljxuh 9= Wkh uhfryhudeoh surgxfwlrq v|vwhp
914 Rswlpl}dwlrq Prgho
Zh kdyh xvhg Olqjr Vriwzduh wr uxq wkh rswlpl}dwlrq prghov iru wkh pxowlsodqw
surgxfwlrq sodqqlqj prgho zlwk dqg zlwkrxw uhwxuqv1 Wr vroyh lw/ zh kdyh
uhod{hg wkh lqwhjhu frqvwudlqw iru doo wkh yduldeohv h{fhsw iru wkh qxpehu ri
xqlwv wr surgxfh1 Zh kdyh rewdlqhg lqwhjhu rswlpdo vroxwlrqv iru doo lqvwdqfhv/
wkhuhiruh lw lv dovr wkh rswlpdo vroxwlrq iru wkh lqwhjhu sureohp 1 Wkh uhdvrq
iru xvh wkh uhod{dwlrq ri wkh prgho lv gxh wkh odujh dprxqw ri frpsxwdwlrqdo
wlph qhhghg wr vroyh wkh lqwhjhu olqhdu surjudpplqj1 Iru wkh ￿uvw lqvwdqfh/
Olqjr kdv wdnhq 46 plqxwhv ri uxqqlqj wlph/ lq d Shqwlxp LY zlwk 4/8 Jjkv
63dqg 589 Pe ri UDP phpru|1 Exw/ zkhq zh kdyh lqfuhdvhg wkh vl}h ri wkh
sureohp lq rqh dgglwlrqdo duwlfoh ru pdwhuldo/ wkh sureohp ehfrphv wrr odujh
dqg wkh uxqqlqj wlph lqfuhdvh wr pruh wkdq 93 krxuv1 Wkhuhiruh/ zh eholhyh
wkdw d khxulvwlf surfhgxuh frxog eh xvhixo wr rewdlq uhvxowv lq ohvv wlph1 Wkh
rswlpl}dwlrq prgho wdnh dv sdudphwhuv doo wkh surgxfwlrq frvwv dqg dq dyhudjh
h{shfwhg ghpdqg shu hdfk shulrg/ dqg dovr dq dyhudjh uhwxuq dqg txdolw| ri
surgxfwv1 Wkh prgho rxwsxw lv wkh h{shfwhg qxpehu ri xqlwv wr pdqxidfwxuh
dqg wkh xqlwv ri pdwhuldo wr sxufkdvh dw hdfk sodqw dqg shulrg1 Wkhvh ydoxhv
duh xvhg wr pdnh ghflvlrqv lq wkh txdqwlw| ri surgxfwv wr eh pdqxidfwxuhg e|
hdfk sodqw dqg wkh txdqwlw| ri pdwhuldov wr eh sxufkdvhg1 Rqfh wkh uhvxowv kdyh
ehhq rewdlqhg/ zh xvh wkhvh uhvxowv dv lqsxwv iru wkh vlpxodwlrq surfhvv1
915 Vlpxodwlrq Prgho
Lq rughu wr uxq wkh vlpxodwlrq zh kdyh ghyhorshg d surjudp lq F..1 Dq
dgglwlrqdo dvvxpswlrq lv pdgh wr uxq fruuhfwo| wkh vlpxodwlrq prgho1 Zkhq
wkh vlpxodwhg qxpehu ri uhwxuqhg surgxfwv lv orzhu wkdq wkh rqhv sodqqhg e|
wkh rswlpl}dwlrq prgho/ wkh surjudp frqvlghuv dq dgglwlrqdo sxufkdvh rughu ri
pdwhuldov lq wkdw shulrg dqg fkdujh dgglwlrqdo frvwv1 Wklv lv ehfdxvh lq uhdolw|
frpsdqlhv pxvw ex| xujhqwo| wkhvh pdwhuldov wr phhw wkh sodqqhg surgxfwlrq
vfkhgxolqj1
Wkh vlpxodwlrq vfkhgxoh lv wkh iroorzlqj rqh=
41 Lqlwldol}dwlrq=
d1 Vhw wkh qxpehu ri uhsolfdwlrqv wr uxq wkh vlpxodwlrq1
e1 Wdnh wkh lqlwldo lqyhqwrulhv dqg sdudphwhuv iurp wkh rswlpl}dwlrq
prgho1+Uhshdw iru hdfk uhsolfdwlrq,
51 Iru hdfk shulrg=
d1 Vlpxodwh wkh qxpehu ri surgxfwv uhwxuqhg1
e1 Vlpxodwh wkh txdolw| ri wkh surgxfwv1
f1 Fdofxodwh surgxfwlrq frvwv dqg lqyhqwru| ohyhov iru wklv shulrg1
61 Hydoxdwlrq=
d1 Fdofxodwh wkh dyhudjh frvwv dqg lqyhqwrulhv ri doo wkh uhsolfdwlrqv1
Zh dvvxph/ wkdw wkh txdqwlw| ri uhwxuqhg surgxfwv/ iroorzv d Qrupdo glv0
wulexwlrq zlwk ￿Q+￿>￿5,= R q f hz hk dyh wkh qxpehu jhqhudwhg e| wkh qrupdo
glvwulexwlrq/ zh kdyh xvhg d vlpsoh urxqglqj ixqfwlrq wr rewdlq wkh qxpehu ri
surgxfwv uhwxuqhg1 Wkh txdolw| ri wkh surgxfwv zdv vlpxodwhg xvlqj d Xqlirup
glvwulexwlrq +3/4, dqg wkh whfkqlfdo suredelolwlhv xvhg lq wkh rswlpl}dwlrq prgho1
916 Uhvxowv
Zh hoderudwh wzr gl￿huhqw vwudwhjlhv wr revhuyh wkh shuirupdfh ri wkh prgho1
Lq wkh ￿uvw vwudwhj|/ zh uxq wkh rswlpl}dwlrq prgho dqg wkhq xvh wkh uhvxowv
wr vhw ghflvlrqv wr uxq wkh vlpxodwlrq surfhvv1 Lq wkh vhfrqg vwudwhj|/ zh uxq
64wkh rswlpl}dwlrq prgho iru doo wkh shulrgv/ diwhuzdugv zh uxq wkh vlpxodwlrq
surfhvv iru kdoi ri wkh shulrgv ri wkh h{dpsoh/ dqg wkhq/ zh uxq djdlq wkh
rswlpl}dwlrq surfhvv zlwk wkh gdwd surgxfhg e| wkh vlpxodwlrq iru wkh qh{w kdoi
ri wkh shulrgv1 Rqfh zh kdyh rewdlqhg wkh qhz uhvxowv iurp wkh rswlpl}dwlrq/
zh uxq wkh vlpxodwlrq iru wkh uhpdlqlqj shulrgv1 Wklv odvw vwudwhj| wulhv wr
dqdo|vh wkh iuhtxhqf| ri uxqqlqj wkh rswlpl}dwlrq prgho1
Wr uxq wkh vlpxodwlrq/ zh kdyh hvwdeolvkhg wkuhh gl￿huhqw vfhqdulrv iru hdfk
vwudwhj|/ ghshqglqj rq wkh txdqwlw| ri wkh uhwxuqv/ dqg zh kdyh revhuyhg wkh
shuirupdqfh ri wkh sodqqlqj vfkhgxolqj rewdlqhg iurp wkh rswlpl}dwlrq surfhvv1
Wkh ￿uvw vfhqdulr frqvlghuv d orz udwh ri uhwxuqv1 Zh dvvxph wkdw uhwxuqv iroorz
d Qrupdo glvwulexwlrq fruuhvsrqglqj wr wkh 8( ri wkh dyhudjh h{shfwhg ghpdqg
dqg lwv vwdqgdug ghyldwlrq1 Wkh vhfrqg vfhqdulr frqvlghuv d phglxp udwh ri
uhwxuqv/ dqg zh gh￿qh d surgxfw uhwxuq ri 48( ri wkh dyhudjh h{shfwhg ghpdqg>
dqg wkh wklug vfhqdulr frqvlghuv d kljk ohyho ri uhwxuq/ wkh uhwxuqv udwh lv iru
wkh 63( ri wkh dyhudjh h{shfwhg ghpdqg1
Iru hdfk vwudwhj|/ zh kdyh udq d wrwdo ri 8333 uhsolfdwlrqv ri wkh vlpxodwlrq
surfhvv1 Wkh iroorzlqj wdeohv duh d vxppdu| ri wkh uhvxowv zh kdyh rewdlqhg
iurp wklv surfhvv1 Doo wkh uhvxowv/ duh wkh dyhudjhv ryhu wkh 8333 uhsolfdwlrqv ri
wkh vlpxodwlrq surfhvv1
917 Vwudwhj| 4= Rswlpl}dwlrq zlwk uhwxuqv . Vlpxodwlrq
Wkh uhvxowv iurp wklv vwudwhj| zhuh rewdlqhg iurp uxqqlqj rqfh wkh rswlpl}dwlrq
prgho/ dqg xvlqj wklv uhvxowv wr pdnh wkh ghflvlrqv rq wkh vlpxodwlrq surfhvv1
Wdeoh : vkrzv wkh uhvxowv rewdlqhg iurp wklv surfhvv1 Zh duh lqwhuhvwhg lq
revhuylqj wkh shuirupdqfh ri wkh uhxvdeoh pdwhuldov lqyhqwrulhv dqg wkh wrwdo
frvw ri wkh v|vwhp1 Lq erwk prghov wkh ghpdqg lv nqrzq lq dgydqfh1 Dovr/ qrwlfh
wkdw wkh uhvxowv rewdlqhg iurp wkh rswlpl}dwlrq lv xvhg wr vhw wkh surgxfwlrq
vfkhgxolqj dqg sxufkdvhv ghflvlrq rq wkh vlpxodwlrq prgho1
Lq wdeoh : zh suhvhqw wkh wrwdo frvwv iru wkh zkroh surfhvv xqghu wkh iroorzlqj
dowhuqdwlyhv= rswlpl}dwlrq zlwk uhwxuqv/ rswlpl}dwlrq zlwkrxw uhwxuqv dqg wkh
wkuhh vfhqdulrvri wkh vlpxodwlrq +orz/ phglxp dqg kljk ohyho ri uhwxuqv,1 Vhfrqg
dqg wklug olqh/ vkrzv wkh Phdq dqg Vwdqgdug ghyldwlrq ri wkh qxpehu ri uhwxuqv
xvhg dw hdfk vfhqdulr1 Wkh uhpdlqlqj qxpehu ri olqhv vkrzv wkh dyhudjh qxpehu
ri xqlwv ri pdwhuldov dqg dvvhpeolhv rq lqyhqwrulhv xqghu hdfk surfhvv1 Qrwlfh
wkdw wklv ydoxh lv }hur iru wkh rswlpl}dwlrq zlwkrxw uhwxuqv/ vlqfh lq wklv vlwxdwlrq
wkh rswlpdo ohyho ri lqyhqwrulhv lv }hur1 Wklv lv gl￿huhqw iurp wkh rswlpl}dwlrq
zlwk uhwxuqv/ zkhuh lqyhqwrulhv pxvw eh kroghg ehfdxvh wkh uhwxuqhg pdwhuldov
fdq rqo| eh vklsshg dw wkh qh{w shulrg wr wkh idfwrulhv1
Zh kdyh frqvlghuhg 5 h{dpsohv wkdw zh zloo h{sodlq qh{w1
H{dpsoh 4=
65Wkh ￿uvw h{dpsoh zdv pdgh edvhg rq wkh iroorzlqj orjlvwlf qhwzrun frq￿j0
xudwlrq=
Qxpehu ri Idfwrulhv= 6
Qxpehu ri Duwlfohv= 8
Qxpehu ri Pdwhuldov= 43
Qxpehu ri Shulrgv= 45
Qxpehu ri Surgxfwlrq Surfhvvhv= 8
Wkh uhvxowv rewdlqhg zhuh wkh iroorzlqj=
Wdeoh := uhvxowv iurp h{dpsoh 4 xqghu vwudwhj| 41
H{dpsoh 5=
Vhfrqg h{dpsoh zdv pdgh edvhg rq wkh iroorzlqj orjlvlwfv uhwxuq qhwzrun
frq￿jxudwlrq=
Qxpehu ri Idfwrulhv= 5
Qxpehu ri Duwlfohv= 6
Qxpehu ri Pdwhuldov= 48
Qxpehu ri Shulrgv= 45
Qxpehu ri Surgxfwlrq Surfhvvhv= 6
Wkh uhvxowv rewdlqhg zhuh wkh iroorzlqj=
66Wdeoh ;= uhvxowv iurp h{dpsoh 5 xqghu vwudwhj| 41
Lq ￿uvw h{dpsoh wkh frqvlghudwlrq ri wkh uhwxuqv surfhvv lqwr wkh rswlpl}dwlrq
prgho/ surgxfh ehwwhu hfrqrplfdo uhvxowv iru wkh frpsdq|1 Wkh uhdvrq lv wkh
idfw wkdw e| frqvlghulqj wkh uhwxuqv/ wkh sodqwv fdq xvh vlpsoh dqg ohvv h{shqvlyh
surgxfwlrq surfhvvhv1 Lw lv dovr lpsruwdqw wr uhpdun wkdw wudglwlrqdoo| wkh frvw
ri glvsrvdo zhuh qrw frqvlghu lq wkh surgxfwlrq sodqqlqj surfhvv/ wkhuhiruh wkh
rswlpl}dwlrq zlwkrxw frqvlghulqj wkh uhwxuqv xqghuhvwlpdwh wkh uhdo frvwv ri wkh
surgxfwlrq surfhvv iru wkh frpsdq|1
Lq wkh uhvxowv iurp wkh vlpxodwlrq prgho/ zh irxqg wkdw wklug vfhqdulr +kljk
qxpehu ri uhwxuqhg surgxfwv, surgxfh ehwwhu hfrqrplfdo uhvxowv iru wkh frp0
sdq|1 Wklv lv ehfdxvh wkh vwrfnrxw frvwv ri wkh uhwxuqhg pdwhuldov duh yhu|
kljk1 Zkhq wkhuh duh vwrfnrxw ri uhwxuqhg pdwhuldov/ lw lv h{shfwhg wr surgxfh
d fkdqjh lq wkh surgxfwlrq sodq/ ehfdxvh vrph ri wkhvh pdwhuldov fdqqrw eh
sxufkdvhg/ dqg wkhuhiruh wkh duwlfohv pxvw eh surgxfhg xqghu wkh wudglwlrqdo
surgxfwlrq surfhvv1 Dovr wkh frpsdq| zloo eh irufhg wr sxufkdvh qhz pdwhuldov
xujhqwo| dw d kljkhu frvwv1
Dv h{shfwhg/ wkh lqyhqwrulhv ehkdylru vkrzv kljk udwhv ri vwrfnrxw lq ￿uvw
vfhqdulr/ phglxp lq vhfrqg/ dqg kljk ohyho ri lqyhqwrulhv xqghu wkh wklug vfhqdulr
vwxglhg1
Wkh uhvxowv suhvhqwhg lq wdeoh ; iru vhfrqg h{dpsoh/ duh edvlfdoo| wkh vdph
shuirupdqfh wkdq lq wkh suhylrxv h{dpsoh1 Wkh rswlpl}dwlrq zlwk uhwxuqv
surylgh ehwwhu uhvxowv wkdq wkh rswlpl}dwlrq zlwkrxw uhwxuqv1 Lq wkh vlpxodwlrq/
wkh xqltxh yduldwlrq zdv lq wkh vfhqdulr zlwk phglxp ohyho ri uhwxuqv zkhuh
lw zdv wkh rqh zlwk prvw hfrqrplfdo uhvxowv1 Wkh uhdvrq lv wkh qxpehu ri
pdwhuldov lq vwrfn zdv orzhu wkdq lq wkh vfhqdulr zlwk kljk ohyho ri uhwxuqv/ dqg
wkh vwrfnrxw frvwv wkh qxpehu ri xqlwv lq vwrfnrxw duh dovr orzhu wkdq lq wkh
fdvh ri orz ohyho ri uhwxuqv1
67918 Vwudwhj| 5= Rswlpl}dwlrq +zlwk uhwxuqv,0 Vlpxodwlrq
+kdoi ri wkh Shulrgv, 0 Rswlpl}dwlrq 0 Vlpxodwlrq +uh0
pdlqlqj shulrgv,
Vhfrqg vwudwhj|/ frqvlvw lq uxqqlqj wkh rswlpl}dwlrq prgho/ dqg zlwk wklv uhvxowv
zh vlpxodwh wkh ehkdylrxu iru kdoi ri wkh wrwdo qxpehu ri shulrgv1 Wkhq/ zh xvh
djdlq wkh uhvxowv rewdlqhg iurp wkh vlpxodwlrq wr uxq wkh rswlpl}dwlrq prgho iru
wkh uhpdlqlqj kdoi ri shulrgv dqg zlwk wkh uhvxowv zh uxq djdlq wkh vlpxodwlrq
surfhvv iru wkrvh odvw shulrgv1 Lq wdeoh ; zh suhvhqw wkh uhvxowv iru wklv vwudwhj|1
H{dpsoh 4=
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Materials - Strategy 1
Materials - Strategy 2
Iljxuh ;= Frpsdulvrq ehwzhhq lqyhqwru| ohyhov xqghu vwudwhjlhv 4 dqg 51
H{dpsoh 5=
Wdeoh <= uhvxowv iurp h{dpsoh 5 xqghu vwudwhj| 51
Iljxuhv < dqg 43 vkrzv wkh vdph frpsdulvrq ehwzhhq vwudwhjlhv rqh dqg wzr







































































Costs - Strategy 1
Costs - Strategy 2



































































Materials - Strategy 1
Materials - Strategy 2
Iljxuh 43= Frpsdulvrq ehwzhhq lqyhqwru| ohyhov xqghu vwudwhjlhv 4 dqg 51
Dv h{shfwhg/ lq ￿uvw h{dpsoh/ wkh uhvxowv rewdlqhg e| wklv vwudwhj| kdyh
lpsuryhg lq frpsdulvrq zlwk wkh ￿uvw vwudwhj|1 Lq wkh vdph wkuhh vfhqdulrv
ri wkh vlpxodwlrq wkh wrwdo frvwv kdyh ehhq uhgxfhg1 Iljxuhv : dqg ;/ duh d
frpsdulvrq ehwzhhq erwk vwudwhjlhv/ lq frvwv dqg lqyhqwru| xqlwv iru wklv ￿uvw
h{dpsoh
Zh fdq dssuhfldwh wkdw xqghu wkh vhfrqg vwudwhj| erwk/ xqlwv dqg frvwv/
kdyh ehhq uhgxfhg1 Wkhuhiruh/ wkh xvh ri wkh vlpxodwlrq surfhvv wr ihhgedfn
wkh rswlpl}dwlrq surfhvv fdq lpsuryh wkh surgxfwlrq vfkhgxoh dqg sxufkdvlqj
surjudpplqj1 Wklv ohdgv wr wkh revhuydwlrq wkdw zlwklq d Ghflvlrq Vxssruw
V|vwhp/ wkh rswlpl}dwlrq fdq eh ihhg gluhfwo| iurp uhdo gdwd1 Wkh txhvwlrq
lv krz iuhtxhqw zh vkrxog uxq wkh rswlpl}dwlrq1 Wkh dqvzhu ghshqgv rq wkh
lqgxvwu|1
6:Vhfrqg h{dpsoh/ surylghv wkh vdph ehkdylru wkdq wkh ￿uvw rqh/ wkh uhvxowv
iurp wkh vhfrqg vwudwhj| suhvhqwv ehwwhu uhvxowv wkdq wkh rqhv rewdlqhg e| ￿uvw
rqh 1
Zh fdq dssuhfldwh xqghu erwk h{dpsohv/ wkdw wkh xvh ri wkh vhfrqg vwudwhj|
fdq lpsuryh wkh surgxfwlrq dqg sxufkdvlqj surjudpplqj1 Wkh rswlpl}dwlrq0
vlpxodwlrq surfhgxuh lv d jrrg zd| wr lpsuryh wkh ghflvlrqv pdgh e| wkh frp0
sdq|1 Lq wkh ixwxuh zh sodq wr h{whqg wklv prgho wr dq lwhudwlyh surfhvv/ zkhuh
wkh rswlpl}dwlrq surfhvv zloo eh ihhgedfn dw hdfk shulrg wr dgdsw wkh uhvxowv
ehwwhu wr wkh exvlqhvv hqylurqphqw1
: Frqfoxvlrqv dqg gluhfwlrqv ri ixwxuh uhvhdufk
Lq wklv zrun zh suhvhqw wzr pdwkhpdwlfdo prghov iru d uhfryhudeoh surgxfwlrq
sodqqlqj v|vwhp iru d surgxfwlrq hqylurqphqw zlwklq dq lqwhjudwhg orjlvwlfv
qhwzrun1
Wkh ￿uvw prgho frqvlghuv d surgxfwlrq sodq dw wkh djjuhjdwh ohyho iru d pxo0
wlsoh idfwrulhv hqylurqphqw1 Wklv doorzv idfwrulhv wr ehqh￿w iurp v|qhujlhv ri dq
lqwhjudwhg orjlvwlfv qhwzrun/ rewdlqlqj ehwwhu uhvxowv iru doo wkh sduwqhuv zlwklq
wkh qhwzrun1 Wkh prgho surylghv dq djjuhjdwhg surgxfwlrq wrwdo vfkhgxoh dqg
dovr d sxufkdvlqj sodqqlqj iru hdfk idfwru| gxulqj wkh sodqqlqj shulrg1 Wkh
prgho zdv irupxodwhg dv d lqwhjhu olqhdu surjudpplqj prgho dqg zdv vroyhg
xvlqj Olqjr Vriwzduh1 Wkh pdlq frqwulexwlrq ri wklv prgho lv wkh frqvlghud0
wlrq ri wkh lqwhjudwhg orjlvwlfv qhwzrun wr surgxfh wkh surgxfwlrq sodqqlqj dqg
sxufkdvlqj vfkhgxoh1
Lq wkh vhfrqg prgho ghyhorshg/ zh lqwurgxfhg wkh uhwxuqv wr wkh suhylrxv
surgxfwlrq sodqqlqj prgho1 Lq wklv uhpdqxidfwxulqj hqylurqphqw/ hdfk surg0
xfw fdq eh pdqxidfwxuhg e| gl￿huhqw surgxfwlrq surfhvvhv/ ghshqglqj rq wkh
pdwhuldov xvhg qhz/ uhxvdeoh ru erwk1 Wkh vhw ri surgxfwlrq dowhuqdwlyhv dulvlqj
iurp wklv gl￿huhqw surfhvvhv/ eulqj wr wkh frpsdqlhv wkh srvvlelolw| wr fkrrvh
ohvv frvwo| vwudwhjlhv wr pdqxidfwxuh lwv surgxfwv1 Wkhuhiruh/ wkh rswlpl}dwlrq
prgho surylghv wkh ehvw frpelqdwlrq ri pdqxidfwxulqj surfhvvhv wr uhgxfh wkh
wrwdo frvwv iru wkh frpsdq|1
Jlyhq wkh xqfhuwdlqw| ri wkh prgho/ zh kdyh xvhg d frpelqdwlrq ri rswl0
pl}dwlrq dqg vlpxodwlrq surfhgxuhv wr vroyh lw1 Zh frqvlghuhg wzr gl￿huhqw
h{dpsohv xqghu wzr gl￿huhqw vwudwhjlhv dqg wkuhh gl￿huhqw vlpxodwlrq vfhqdulrv1
Lq ￿uvw vwudwhj|/ zh uxq wkh rswlpl}dwlrq prgho iru doo wkh shulrgv dqg xvh lwv
uhvxowv dv lqsxwv iru wkh vlpxodwlrq prgho wr rewdlq ￿qdoo| wkh wrwdo frvwv ri wkh
surgxfwlrq surfhvv dqg wkh lqyhqwru| shuirupdqfh1 Lq vhfrqg vwudwhj|/ zh uxq
wkh rswlpl}dwlrq prgho/ exw wkh vlpxodwlrq surfhvv rqo| iru kdoi ri wkh shulrgv1
Zlwk wkh uhvxowv rewdlqhg iurp wkh vlpxodwlrq prgho/ zh ihhg wkh rswlpl}dwlrq
prgho dqg uxq lw djdlq iru wkh uhpdlqlqj shulrgv/ dgmxvwlqj wkh sxufkdvh dqg
pdqxidfwxulqj vfkhgxoh1 Ilqdoo|/ zh uxq wkh vlpxodwlrq surfhvv iru wkh vhf0
rqg kdoi ri shulrgv1 Zh kdyh vxppdul}hg wkh uhvxowv iurp wzr vwudwhjlhv dqg
rewdlqhg vrph frqfoxvlrqv1 Wkh pdlq frqwulexwlrq ri wklv prgho lv wkh lqwur0
6;gxfwlrq ri wkh uhwxuqv wr wkh djjuhjdwh sodqqlqj prgho/ dqg wkh xwlol}dwlrq ri
wkh rswlpl}dwlrq.vlpxodwlrq surfhgxuh wr vroyh lw1
Iurp wkh uhvxowv zh fdq frqfoxgh wkdw wkh frpelqdwlrq ri wkh rswlpl}dwlrq
dqg vlpxodwlrq surfhgxuhv fdq lpsuryh wkh shuirupdqfh ri wkh sodqqlqj sur0
fhvv iru wkh frpsdqlhv1 Wklv frpelqdwlrq ri rswlpl}dwlrq . vlpxodwlrq jlyh
pdgh lqvljkwv wr wkh ghflvlrq pdnhu derxw krz wr surgxfh d surgxfwlrq sodq0
qlqj1 Dovr/ lw jlyh lqvljkwv rq wkh uhodwlrqvkls ehwzhhq wkh vhyhudo hohphqwv ri
wkh surgxfwlrq surfhvv lq whupv ri wkh txdqwlw| ri surgxfw rq lqyhqwru|/ wkh
surgxfwlrq dqg sxufkdvlqj vfkhgxoh/ dqg wkh wrwdo frvwv ri wkh v|vwhpv1
Wkh h{dpsohv xvhg duh orz vl}h sureohpv/ vlqfh wkh rswlpl}dwlrq . vlpxod0
wlrq uxqqlqj wlph ehfrphv wrr odujh zkhq wkh vl}h ri wkh sureohp lqfuhdvh1 Iru
sudfwlfdo sxusrvhv dqg dv ixwxuh uhvhdufk/ zh sodq wr ghyhors d khxulvwlf surfh0
gxuh wr ￿qg d jrrg dowhuqdwlyh wr vroyh wkh rswlpl}dwlrq prgho lq d uhdvrqdeoh
uxqqlqj wlph1 Zh eholhyh wkdw frpelqdwlrq ri wkh khxulvwlf surfhgxuh dqg wkh
vlpxodwlrq/ frxog jlyh xv d yhu| jrrg vroxwlrq iru wkh sodqqlqj surfhvv/ pruh
xvhixo iru sudfwlfdo sxusrvhv1
Lw zrxog eh dovr lqwhuhvwlqj wr xvh wkh rswlpl}dwlrq.vlpxodwlrq surfhvv lq
d vwudwhj| zkhuh dw hdfk shulrg rswlpl}dwlrq ru khxulvwlf surfhgxuhv zloo eh
ihhgedfn e| wkh vlpxodwlrq surfhvv/ uhvxowlqj lq d sodq pruh dffxudwh wr wkh
srvvleoh ehkdylru ri wkh surgxfwv uhwxuqhg1
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